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I. DEFINITION OF STRUCTURAL UNITY. 


Unity may be defined as “a totality of related parts; a complex 
or systematic whole.” Locke states that ““ Whatever we can con- 
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sider as one thing suggests to the understanding the idea of 
unity.” In a literary or musical composition the term unity is 
considered as indicating “a combination or ordering of parts 
such as to constitute a whole, or to promote an undivided total 
effect.” 

In the light of these statements, a structural unity may be de- 
fined as “a totality of related structural parts, a complex or sys- 
tematic structural whole.” If we restrict the term structural to 
the more superficial, or to the crustal, portions of the earth, then 
the term “ structural unity ” may be taken to imply a totality of 
related earth structures developed within the crust. This “ struc- 
tural unity’ may refer to structures determining the main topo- 
graphical features of the present time (geographical unity) or it 
may refer to the summation of past periods of related geographi- 
cal unity (geological unity). Such a structural unity would im- 
ply an underlying control such as to weave the individual struc- 
tures into a systematic whole, or to promote an undivided total 
effect. 

An analogy may be sought, perhaps, in the underlying unity of 
a plant such as a rosebush or other higher type of organism. If, 
in this connection, we could imagine a being endowed with human 
intelligence, nevertheless so small in size as to be invisible to the 
unaided human eye, and, moreover, to be of existence so ephem- 
eral that the whole span of its individual life would not exceed a 
few minutes then it would be extremely probable that such in- 
dividuals would only, with great difficulty, be capable of under- 
standing the unity of design underlying such a type of structural 
or organic unity as the rose-plant. One branch of the race of 
these beings could, possibly, live among the leaves, another near 
the roots, others at various points along the stem and branches. 
A hundred generations of such beings might come and go during 
the period occupied by the formation of the buds and the fruit, 
and to them each part of the plant might become the symbol of 
stability. To such a race, if communication were established 
along the whole plant, the leaves, the blooms, the fruit, and the 
roots, might appear to be independent entities, totally unrelated 
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except by continuity of matter. Notwithstanding this disbelief 
on the part of the pigmies, there would actually exist a deep 
underlying unity such that ‘the rose shrub would be seen to be an 
organic and structural whole. To man indeed, is given the ca- 
pacity to appreciate the underlying control and unity in organisms, 
such as the rose plant, because the whole orderly succession of 
forms from seed to radicle and plumule, to stem and roots, “ from 
supple sapling to bole with branching crown, from rich bloom to 
warm-tinted berry, thence to the gradual recession of life from 
branch to butt, and to the inert and rotting log,’ comes within 
his personal experience as a horticulturist or naturalist. 

In a similar way the comprehension of the structural unity of 
the Pacific Region presents great difficulties to man, seeing that 
his personal size and his span of life on earth are altogether negli- 
gible when compared to the majesty of the Pacific Ocean in this 
connection, an area in whose history “a thousand years are but 
as a day.” Nevertheless the assemblage of the facts concerning 
the principal forms within the Pacific Region, suggests a deep 
underlying control and structural unity for the whole, such that 
New Zealand, New Caledonia, New Guinea, Japan, and other 
island groups, of the Western Pacific, appear to find their homo- 
logues in the American Cordillera, and such that Australia and 
Eastern Asia are matched in great measure by America in the 
extra-Cordilleran Regions, due allowance being made for the in- 
fluence of the Atlantic control on America. Two points of seem- 
ing difference may be mentioned. On the eastern or American 
side the individual structures are drawn closely together to form 
continuous dry land; on the western side of the Pacific they are 
well separated. On the east the structural arcs undulate less both 
in plan and in pitch than on the west. On the east they rise from 
a continental base; on the west the undulating pitch of the younger 
structures has allowed the ocean to roll between them. 


11. ‘‘ PACIFIC REGION.” 


Extent—tThe Pacific Ocean may be considered as extending 
from Bering Straits to Antarctica, and from Asia and Australia 
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to America. The continental areas coming within its influence 
may be considered as Eastern Australia, the great countries of 
Eastern Asia, the American Cordillera, with Central America and 
the West Indies, and the lands bounding the Cordillera to the 
immediate east. 

Main Topographical Features—A brief statement of the 
“Geographical Unity of the Pacific’ has been supplied else- 
where.* 

In the papers cited it has been shown that the Pacific Ocean 
may be divided into two portions, namely, an inner one, about 
40,000,000 square miles in area, bounded by a fourfold zone of 
ocean “ deeps,’’ earthquakes, plateaus (earth undulations), and 
volcanoes ; and an outer one bounded by continents on the western 
side and by those portions of America which lie eastward of the 
great Cordillera which stretches from Alaska to Cape Horn. 

It has been pointed out that the eastern and western portions 
of the Pacific present certain marked variations from the main 
scheme. The zones are more simple on the eastern or American 
side of the Pacific, while on the western side they are more com- 
pound in nature. On the eastern side the lines and zones of 
plateau and volcano are drawn up in close order; they appear 
drawn together as so many ornamentations or earth wrinkles 
projecting from a common continental basement and bounded on 
the west by a zone of “‘ Ocean Deeps” and earthquakes. On the 
western side the greater earth wrinkles or earth waves are in 
open order; they are compound in nature, being associated with 
‘Deeps’ and earthquake zones, and, moreover, they lie within 
the Pacific Ocean and are separated from the main continents of 
Asia and Australia except in a few places along the Asiatic side. 

Examples of these discontinuous masses on the western side 
include Japan, the Philippines, New Guinea, the Greater Solo- 
mons, Fiji, Tonga, and New Zealand. These are related struc- 
turally, and appear to be discontinuous only as individuals when 
referred to the surface of the sea as a datum. 

1 Andrews, E. C., Presidential Address, Proc. Roy. Soc. N. S. Wales, 1922. 
Ibid., Proc. First Pan Pacific Scientific Conference, Honolulu, 1920. 
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Generally speaking, these major plateau formations with as- 
sociated volcanoes, ‘‘ Deeps ” and earthquake zones, are relatively 
young, many of the secondary island ares having been subject to 
great uplift and depression (earth undulations or waves), in 
Pleistocene time. In many groups, as in Japan, New Guinea, the 
Malay Archipelago, the Greater Solomons, New Zealand (North 
Island) and the American Cordillera, mountain-making move- 
ment appears to have been directed both toward the neighboring 
continent on the one hand, and toward the Central Pacific, on the 
other. 

This general statement needs some modifications, as it takes no 
account of the very important interference to the Pacific Girdle 
by the continuation of the Tethyan influence, through the Malay 
Archipelago, and the subequatorial interference connecting North 
and South America. 

Beyond these zones of “ deeps,’” earthquakes, high plateaus 
separated by structural valleys, and volcanoes, lie the more stable 
boundaries of the Pacific Region, namely, eastern Asia, as far 
west as the great cross-plateau forming the vertebral column of 
the area extending from Bering Strait to Tibet, Australia, North 
America east of the Rocky Mountains, and South America east 
of the Andean System. 


III. DISTRIBUTION OF ORE DEPOSITS WITHIN THE GREATER 
PACIFIC REGION. 

General Statement.—The ore deposits of the Pacific are inti- 
mately related to periods of mountain making, and they are ar- 
ranged mainly in zones or arcs forming secondary and tertiary 
curves following courses generally subparallel to, or confocal 
with, their associated continental margins and to the zones of 
““deeps ’ margining the inner Pacific Ocean. When considered 
broadly they consist of great zones of compound nature, and of 
decreasing age with increasing proximity of the deposits to the 
margin of the inner Pacific, although, as stated by Lindgren,? 


2“ Gold and Silver Deposits in North and South America,” Bull. 112, Am. Inst. 
Min. Engineers, 1916, p. 724. 
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great numbers of ancient inliers containing ore deposits occur 
scattered through the area characterized by the formation of 
younger ore deposits. 

Examples of areas containing these younger deposits are the 
American Cordillera with the West Indian curves, Japan, the 
Philippines, New Guinea, New Caledonia, and New Zealand. 

This suggests an underlying structural control, in the forma- 
tion of the main Pacific structures, together with those of the as- 
sociated continental areas. 

In adducing evidence in support of this general statement it 
may be advisable, first, to mention the main features, together 
with the general distribution, of the ore deposits, within the 
continental masses bordering the Pacific Region, and, second, to 
deal with the salient features of the deposits and their structural 
settings in the land masses in the less stable portions of the 
Pacific. 

This note is intended merely as an introduction to an extremely 
important subject, and as a tentative correlation of the numerous 
reports of the field geologists of Australia and New Zealand, of 
M. Piroutet on New Caledonia, Manjir6 Watanabé on Japan, V. 
K. Ting and Wen-Hao Wong on China, W. Lindgren on the 
“Gold and Silver Deposits of America,” and the “ Mineral De- 
posits ” of the world, W. H. Weed on the Copper Deposits of the 
world, J. E. Spurr on “ Ore Deposits,” Van Hise and Leith on 
American Pre-Cambrian Geology, especially of the Lake Superior 
Region, A. Harker on the “ Natural History of Igneous Rocks,” 
together with reports on individual areas by numerous authors. 
An attempt is made here at a first crude statement of correlation, 
from the “ Pacific” point of view, of these excellent reports. 


Ore Deposits of Stable Continental Blocks Margining the Pacific. 


Australia.—The “ Geographical Distribution of the Ore De- 
posits of Australia’ has been stated elsewhere in this Journal.® 
The older ore deposits occur, mainly, in Western Australia, South 
Australia, the Northern Territory, the western portions of 


3 Andrews, E. C., Econ. GEou., vol. 18, pp. 1-25, 1923. 
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Queensland (Cloncurry and Mt. Isa), and New South Wales 
(Broken Hill) and Western Tasmania (Mt. Lyell, Read-Rose- 
berry). They occur mainly within the lower portion of the 
“ Zone of Fracture’ and the upper “ Zone of Flowage ” and are 
arranged confocally, as it were, with the general sweep of the 
outer arcs of Australia, or with that median zone of ancient rocks 
which extends from the Desert Basin of Western Australia in 
the North West, through the Petermann, Macdonnell and Ever- 
ard, Ranges, thence through Broken Hill to western Victoria, 
and to western Tasmania. 

In eastern Australia proper, ore deposition travelled generally 
to the northeast and east with progressive passage of time, leav- 
ing the areas to the south and west devoid of folding movement 
and ore formation. 

These ore deposits range in age from Archzan to closing 
Permian, those of the latter age being confined to a relatively 
narrow strip along the coastal area of northern New South Wales 
and eastern Queensland. Speaking generally, the ancient deposits 
of western and central Australia have undergone continuous ele- 
vation and denudation, while the ancient eastern areas of Au- 
stralia have been depressed correspondingly to receive their 
younger rings or zones of growth with attendant formation of 
ore deposits. 

Asia.—Perhaps the important statement of Wong for China 
may be taken * as typical in the main, of eastern Asia. 

According to Wong the banding or zoning of ore deposits is 
marked in no other country more than in southern China. His 
map indicates the zones of lead-zinc-copper, of tinstone-wolfram- 
molybdenite, and of other minerals, such as mercury and anti- 
mony, as being subconfocal with each other and with the general 
trend of the coast of China, and this again with the general sweep 
of the outlying island arcs. These arcs contain geological com- 
plexes which may range from Archzan or Pre-Palzozoic to clos- 
ing Paleozoic in age. As in Australia the formation of ore de- 


4 Wong, Wen-Hao, “Les Provinces Metallogeniques de Chine,” Bull. 2, Geol. 
Survey China, 192 , p. 37. 
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posits in Cretaceous and Tertiary time is not known, although 
deposits of this age occur in the outer arcs. 

America.—Lindgren ° describes the old gold and silver deposits 
of North America as consisting, mainly, of a series of lenses, 
beds, and replacements, in the more eastern portions, and within 
crystalline schists and Paleozoic sediments. Similarly the old 
gold and silver deposits in South America occur in the eastern 
portions, and in very old rocks much folded. The intrusive rocks 
to which they appear to be related are not commonly visible. The 
ancient iron ores, together with deposits of other minerals, fall 
into the same category. He also mentions the occurrence of 
very numerous ancient ore deposits outcropping within the 
younger fold systems of the Cordilleran Region. 

Lindgren might have been describing the general arrangement 
of ancient ore deposits of Australia, except that the words 
“east ’’ and “ west’ would need interchanging. In other words, 
the eastern portion of America has its “ Zone of Flowage ’’ more 
exposed than the western or Cordilleran portions. Moreover it 
is devoid of Cretaceous and Tertiary folding with ore deposits of 
these ages. This is tantamount to saying, as for Australia, that 
the great earth waves or mountain ranges with intermontane val- 
leys, show a general undulatory dip towards the central Pacific, 
the older “ Zones of Rock Flowage”’ being successively buried 
with progression towards the Pacific, due allowance being made 
for the fact that the movement is productive, not of a simple dip, 
but of one generally towards the Pacific, but interrupted and 
ornamented with great undulations. 

The forms or shapes assumed by the ore deposits are appropri- 
ate to the depths at which they were formed. These together 
with the explanation of the apparent absence of igneous associ- 
ates to these deeply seated masses, have been considered else- 
where.° 

5“ Gold and Silver Deposits of North and South America,” Am. Inst. Min. 
Engin., 1916, p. 721. 


6 Andrews, E. C., Econ. GEOL., vol. 20, pp. 189-194, 1925. 
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ORE DEPOSITS OF BORDERS OF CENTRAL OR “ TRUE” PACIFIC. 


General Statement——Each of these types, with which also 
might be included the West Indies, the Aleutian Islands, the 
Philippines, New Guinea, the Greater Solomons, and Fiji, has 
had a long and complex geological history. Each contains long 
trend lines of extremely old structures, Pre-Cambrian or pos- 
sibly even Archzan in age in places, and having a general in- 
dividual arrangement which is subconfocal with the main trend 
of the nearer continental coast. As an example of this statement 
concerning the broader relationship in form of the main struc- 
tures, the Cordillera in the United States may be considered. 
Here the curves of the Sierra Nevada, the Coast Range, the Big 
Horn, Bear Tooth, Little Rocky, Wasatch, Medicine Hat, and 
Laramie, arcs, appear to be merely ornamentations on the general 
trend of the main Cordillera in that region. So also the West 
Indian or Caribbean curves may be considered as due to a great 
local interference or bulging of the Cordillera whose main mag- 
nificent sweep extends from Alaska to Cape Horn. 


The Australian and Asiatic Arcs. 


New Zealand.—The South Island of New Zealand suggests < 
gradual building from southwest and west to north and east 
with heavy thrusting towards the continent. The rocks range 
apparently from Pre-Cambrian to Tertiary. In the North Island 
the rocks are younger, or, rather, the old basement appears to 
have been depressed and buried; there appears to have been a 


«a & 


confluence of arcs, and the convexity of the western structural 
arcs is directed towards the ocean, although that of the eastern 
arc appears. directed towards the continent. The dipping of the 
basement rocks, during the building of New Zealand, appears to 
have been northeasterly as though towards the Central Pacific, 
that is towards the Aldrich and Tongan “ Deeps.” 

In Middle Tertiary times, igneous action was still more widespread. 
The tuffs and pillow-lavas of the Oamaru district formed at this time. 


7 See map accompanying Presidential Address to Sec. C, Aust. Ass. Adv. Sci., 
1921, W. N. Benson. 
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. . . In the Coromandel Peninsula, the Geological Survey of which has 
been completed during the last decade, there occurred three phases of 
vulcanicity in this period; and it is to the propylitisation of the rocks of 
the first of them that we owe the rich auriferous deposits of that region.® 

New Zealand.—lIn this colony gold is found in recent and Tertiary 
placers, and in quartz-veins. In Otago (South) the gold-bearing veins 
occur in Silurian mica-schists; in Reefton district (West and North of 
Otago) in claystones and sandstones of supposed Carboniferous age; and 
in the Hauraki Peninsula (North of North Island), in altered andesites 
of Middle Tertiary age.® 

New Caledonia.—The accompanying notes are abbreviations 
from the work of M. Piroutet.*° 

New Caledonia is a geological complex ranging in age from 
Algonkian, or perhaps even pre-Algonkian, to Tertiary, the 
Jurassic, Cretaceous, and Tertiary, being well represented. Struc- 
tural arcs have their convexities directed toward Australia. Ap- 
parently in the Eocene (Post Nummulitic) period huge serpen- 
tine sills were formed with which nickel deposits are associated. 
Close folding of Eocene rocks also occurred. 

Japan.—The acco.apanying notes have been abbreviated from 
the article of Manjiro Watanabé.™ 

Watanabé divides Japan into three zones or arcs, namely, that 
of Japan proper, the Kurile Islands to the north, and the are of 
the Riu-Kiu to the south. 

The Japanese arc proper he divides into two main portions, 
namely, the northeastern, and southwestern arcs, the two being 
separated by the great structural valley containing Fujisan and 
other volcanoes. 

The southwestern arc he again divides into an Outer, an Inner, 
and a Median, Zone; the northeastern arc into an Outer and an 
Inner Zone. 

Southern Islands of Main Japanese Arc. i. Outer Zone 

8 Benson, op. cit., p. 105. 

9 Park, J., “ Text Book of Mining Geology,” Griffin and Company, London, 1907. 

10 “ Etude Stratigraphique sur la Nouvelle-Caledonie,” Faculté des Sciences de 
l’Université de Paris, 1917. 

11“ The Geographical Distribution of Ore Deposits in Japan,” Econ. GEoL., 
vol. 18, 1923, pp. 173-189. 
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of Southern Islands.—The sediments consist mainly of crystal- 
line schists, Paleozoic, and Mesozoic types. Igneous rocks are 
scarce, such granites as occur are Late-Mesozoic or Tertiary in 
age. 

The Ore Deposits are distinguished in this zone by a zonal 
distribution of “bedded” replacement deposits. The zone is 
500 miles long by 20 miles in maximum width. The geological 
ages of the ore deposits are doubtful, but they may range from 
post-Jurassic possibly to Pre-Cambrian. Igneous rocks are 
absent, characteristically, from these replacements. 

No important Tertiary deposits have been recorded from this 
zone. 

ii. The Median Zone.—This consists mainly of a dissected 
plateau. Granitic intrusive rocks occur over extensive areas. 

Contact metamorphic deposits and older veins are relatively 
numerous and developed at, or near, the contacts between granite 
intrusives and Paleozoic sediments. They are developed, usu- 
ally, around small intrusive masses, or near the margins of large 
batholiths. 

No replacement deposits of pyrite occur. 

The ore deposits occur usually in the Palzozoic rocks, but are 
found also in Jurassic and other Mesozoic rock types. 

They appear to belong to certain stages of the late Paleozoic 
and the Mesozoic periods. 

iii. The Inner Zone.—This consists of the coastal region 
near to the Japan Sea. 

Late Tertiary sediments with late Tertiary to Recent volcanics 
are abundant in areas of depression. 

The ore deposits consist of filled “fissures,” or veins. 
Most important are the silver-copper, copper, and the gold-silver, 
veins. The age of these, apparently, is late-Tertiary. 

Northeastern Islands of Main Japanese Arc. i. The 
Outer Zone.—This is strikingly similar to the median group 
of the Southern Islands in many ways, but appears to contain 
long parallel inliers of the same age as the “ Outer Zone”’ of the 
Southern Islands. 
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The ore deposits occur mainly in four land blocks, forming 
a great dissected plateau. They are composed of gneiss, crystal- 
line schists, Palzozoic and Mesozoic sediments, with notable 
amounts of intrusive rocks. The contacts, and the veins along 
bedding planes, are in Paleozoic sediments and intrusives there- 
in. The ages of the intrusions is probably post-Carboniferous, 
and in some cases, Mesozoic, probably Lower Cretaceous. 

The inlier of the Hitachi area consists of large replacement 
“bedded ” deposits in the form of lenses of pyrite, pyrrhotite, 
chalcopyrite, and zinc blende, in amphibolite and other crystalline 
gneisses and schists. 

ii. The Inner Zone.—The Inner Zone has an extensive 
development of younger Tertiary sediments with accumulations 
thereon of volcanic material. Smaller andesitic and liparitic in- 
trusions occur in the younger Tertiary sediments. 

The ore deposits consist mainly of two important types, 
namely, shallow veins in liparitic and andesitic rocks and in 
Tertiary sediments near by. These contain copper, chalcopyrite, 
tungsten-gold-silver, gold-silver, copper and lead-zinc-fluorite 
veins. The occurrences are mainly in the eroded remnants of 
volcanoes. No deposit of the above types has been found in 
Quaternary and Recent volcanoes. The age is mainly late-Terti- 
ary. “‘ Black Ore” deposits. These occur near the contact be- 
tween Tertiary shales and intrusives. The “ Black Ore” con- 
sists usually of a mixture of galena and zinc blende with barite. 
Chalcopyrite is usually an associate. The age is probably late- 
Tertiary. 

This somewhat extended summary of the Japanese ore deposits 
is presented here because of the very clear statement concerning 
same by Watanabé. 

Other Arcs (Kurile and Riu-Kiu).—Watanabé states that 
the ore deposits of the Kurile and the Riu-Kiu arcs are unim- 
portant, but are in geological accord with the distribution of ore 
deposits in the Japanese area itself. 





cia 


eC 





STRUCTURAL UNITY OF THE PACIFIC REGION. 719 


THE AMERICAN CORDILLERA. 


General.—The accompanying notes have been abbreviated from 
W. Lindgren.” For the purposes of this paper also it is perhaps 
permissible to consider the great “ porphyry ” copper deposits of 
the Cordillera, as falling within the younger periods of ore de- 
position and thus standing in striking contrast to deposits such 
as those of Ducktown, Lake Superior, and Eastern America, 
generally. 

North America.—The American Cordillera, when considered 
as a whole, is somewhat simple in form. In detail it is extremely 
diversified “ within two or more parallel ranges, by the inter- 
montane high plateaus or valleys, and by volcanoes... .” 
Early Tertiary folding reached its maximum along the inner 
eastern edge of the chain. Volcanoes, from early Mesozoic till 
the present time have poured out lavas in great volume especially 
on the western side. At the same time granites, diorites, por- 
phyries, and other related types, were forced into the crust. 

The ore deposits, which characterize the Cordilleran region 
were formed during several epochs, namely, the earliest Creta- 
ceous, according to Lindgren, the Tertiary, and the post-Tertiary. 

The earliest, and the middle, Tertiary comprise deposits associ- 
ated with intrusives “ of granitic or dioritic rocks, or of the por- 
phyries of these rocks.” 


Lastly we have a remarkable type of veins, which occur in lava flows 
near volcanic vents, and which were formed near the surface by hot 
springs charged with emanations from the:molten rocks. These deposits 
are often wonderfully rich, both in gold and silver. They are “ bonanza” 
deposits proper; the Comstock, Tonopah, Gold Field, and Cripple Creek 

. they are best represented in Nevada, Arizona, Utah, and Colorado. 
. . . Going farther south we enter the great mining region of the Mexican 
plateau . . . practically all of the deposits are of latest Cretaceous or of 
Tertiary age. ... . 

The most celebrated silver mines are of the type formed in or near 

12 Op. cit., “ Gold and Silver Deposits in America,” and “ Mineral Deposits ” of 
the World, 1913. 
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volcanic flows near the surface; we need cite only Pachuca, Guanojuato, 
and Zacatecas. ... 

South America From Cape Horn to Alaska the gold and silver de- 
posits are formed under similar geological conditions and are of the same 
geological age. It has already been emphasized that they are products of 
the igneous activity which has accompanied the rise of this gigantic 
mountain chain . . . they are late Mesozoic, Cenozoic, or Tertiary, in age. 

In the Cordilleran region of South America the principal and almost 
the only period of mineralization seems to be that of the early Tertiary, 
while in North America an important series of deposits dates from the 
early Cretaceous. 

Another interesting feature is the great scarcity in South America of 
Tertiary deposits of gold and silver occurring in late Tertiary lavas and 
formed close to the surface. .. .” 

The poverty of the eastern front ranges of the Andes is paralleled by 
the lack of precious metal deposits in the eastern or Rocky Mountain 
range of Canada. 


The fact should not be overlooked that the Cordilleran Region 
contains numerous inliers of ancient and old rocks with which 
are associated older deposits of gold, silver, lead, copper, and 
other metals. This, however, does not affect the general prob- 
lems of structure as here outlined. 


SULPHUR AND PETROLEUM DEPOSITS OF THE PACIFIC. 


These, with certain mercury deposits, form discontinuous zones 
encircling the Pacific, and ranging from middle-Tertiary to Re- 
cent in age. 

The Circum-Pacific, and compound, zone of the petroleum de- 
posits is a magnificent example of the underlying control in Terti- 
ary time of the Greater Pacific Region, and the great girdle of 
sulphur-deposits is a striking example of this control in still more 
recent time. Due allowance is to be made for the interference of 
the Tethyan and West Indian curves, which produce enormous 
ornamentations on the main Circum-Pacific belts. So also the 
double nature of these great girdling zones may be noted in their 
thrustings or presentations of fronts curved both to the conti- 
nents and the ocean from a central region containing inliers of 
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variable, but of much greater age than the Cretaceous, and Terti- 
ary, zones of folding and ore deposition. 


SUMMARY AND CONCLUSION. 


Ore deposition within the Pacific Region, appears to be inti- 
mately related to periods of mountain making. 

The composite zone of sulphur deposits, of Tertiary and Recent 
age, around the Pacific, the Circum-Pacific belts of oil-bearing 
country of Tertiary age, and the zone of mercury deposits sug- 
gests a wonderful structural unity for the main Pacific in Terti- 
ary and post-Tertiary time, inasmuch as there appears to be a 
deep underlying control in the arrangement and general associa- 
tions of all these belts. In this statement the interference of 
Tethys is not considered. 

Furthermore, the arrangement, distribution, and nature, of the 
ore deposits of Tertiary and later-Mesozoic age in New Zealand, 
New Caledonia (Tertiary), Japan, the American Cordillera, the 
West Indies, and other places, with their numerous, but alto- 
gether subordinate, development of inliers of older ore deposits, 
indicates a marked structural unity also in these Circum-Pacific 
zones, while the orderly arrangement of older ore zones in Au- 
stralia, in eastern Asia, and in extra-Cordilleran America, from 
which Mesozoic and Tertiary ore deposits are typically absent, 
indicates the wondrous and increasing structural control of the 
Pacific prior to Cretaceous time with a crowding together as it 
were, of the outer zones, at a later period toward the Central 
Pacific. The arrangements of the zones suggests a growth, not 
so much by accretions of growth from an old nucleus, as by a 
gradual increasing stability of form in earth undulations whose 
beginnings were actually of great age, the stability being accentu- 
ated with increasing distance from the Pacific proper. There 
has been a definite and periodical elevation of the more ancient of 
the subconfocal rings with progressive denudation of same by 
weather and streams and an increasing tendency, for translatory 
bending of the Pacific margins of the continental areas and larger 
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outer island arcs, towards the central Pacific and progressive 
burial under later deposits, thus giving the appearance of earth 
waves surrounding the Pacific from earliest times, and becom- 
ing more and more stable with progress of time, the “ Sturm 
and Drang” now having advanced as far as the margin of the 
“True ” Pacific. 
GEOLOGICAL SurRvEY, N. S. WALEs, 
SYDNEY, AUSTRALIA. 











THE MINERAL RESOURCES OF MARANHAO, 
BRAZIL.* 


E. W. SHAW, W. H. WRIGHT AND JAS. L. DARNELL, JR. 


THE state of Maranhao, of about the same size and population 
as Montana, lies on the coast of Brazil a little south of the equa- 
tor and southeast of the mouth of the Amazon. The surface com- 
prises a series of broad and smooth forested plains, separated 
by steep escarpments, trenched by narrow river valleys and rising 
successively from sea level to about 2,500 feet. The interior has 
been seen by few except the inhabitants and little information con- 
cerning it is to be found in print. For most of the state travel 
facilities must be supplied by the traveller but there is one 300- 
mile railroad with trains three times a week, when the road is in 
service, and there are boats that visit coast and river points at ir- 
regular intervals. The dry season, June to December, with a rain- 
fall of only 12 to 20 inches is the best time for travel and a trip 
across the state requires 3-6 weeks. Some districts are still held 
by more or less hostile Indians, but half of the state has fairly 
numerous and good trails though no roads. 

The region is a basin of Permian, Tertiary and other rocks— 
red sandstones, gray clay shales, and impure siliceous limestones 
with at least one large intrusion—resting on pre-Cambrian which 
outcrops in the northwest and appears again in the west, south, 
and southeast. To the west in Goyaz the basement rocks include 
much pegmatite. 

Gold.—Gold production from the pre-Cambrian area in the 
northwest part of the state has been uninterrupted for decades if 
not centuries, but, largely because of smuggling the total amount 
is problematical; certainly it is in the hundreds of thousands of 
dollars—perhaps in the millions. Almost all of it has come from 
placers, the most productive being at Piracaua, Caxias, Olhos 

1 Presented before Society of Economic Geologists, New York, May, 1925. 
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d’Agua and Arial though the total for the numerous minor dis- 
tricts is large. The mining methods have been most primitive 
and laborious but pay for labor is only 20 cents to 30 cents per 
day. Wooden pans are generally used but crude rockers and small 
sluices have been installed in some places. In most districts the 
parent rock is readily found and it is evident that most of the gold 
has come from quartz vein contacts with granite or a peculiar 
overlying sandstone which is locally metamorphosed, pyritiferous, 
and manganiferous. The ore bodies are numerous, relatively low 
grade and free milling. They have general E.W. and N.W.-S.E. 
trends and tend to line up in N.E.-S.W. belts. The dip is, 
as usual, 60-70 degrees. 

Showings are so common in the soil of the whole pre-Cam- 
brian region that if the area were laid off in mile squares, it would 
surely be possible to find colors in a tenth of them and perhaps half 
of them. An immense yardage of ground shows colors in every 
pan. Rock outcrops are surprisingly numerous for such low 
swampy ground, small streams are closely spaced, most of the al- 
luvium and much of the soil is sandy and some streams have 
rapids. Yet the region has long lain so low that gravel deposits 
are rare with the exception of the Bacury Torto narrow and inter- 
rupted but thick terrace deposit which has rounded quartz pebbles 
and boulders up to a foot or more in diameter and thoroughly de- 
composed granite boulders. This gravel is auriferous and, to 
judge by its position, state of decomposition and dissection, it 
must be of early Pleistocene or late Tertiary age. 

The placer gold is mostly in small particles but many nuggets 
up to one half inch and some weighing a pound or more have been 
found. It shows little hammering or erosion and this together 
with its widespread occurrence in the soil and subsoil is no doubt 
due to general distribution of the lodes together with lack of 
vigor in stream transportation. In the gradual lowering of the 
surface some of the gold has been left in the residuum, some trans- 
ported short distances by rainwash and left in colluvium, some a 
little farther by streams and left in their alluvium, and some per- 
haps carried away by solvents. 








MINERAL RESOURCES OF MARANH4O, BRAZIL. 725 

Many men jin the region put in part of their time prospecting, 
with primitive hand tools. When a new district is opened up 
there is a rush from nearby points but there seems to be remark- 
ably little staking of claims, few quarrels, rare and unsatisfactory 
royalty contracts and no large scale development guided by mining 
engineers. Instead, the work is carried on promiscuously and 
by crude methods until the returns are less than 20 cents a day. 
Water commonly prevents working at depths greater than 3-5 
feet but in most districts the good values are close to the surface. 

Gem Stones.—One small diamond was found in the gold region 
and it would not be surprising if a good many are ultimately pro- 
duced in the state for only a small fraction has been prospected 
and the geology of considerable portions is similar to that of the 
producing areas of Southern Brazil which was once the main 
source for the output of the world. Also a new and interesting 
diamond district was discovered in May, 1923, just outside the 
state, in Goyaz. This new district, called Pao Secco, is about 500 
miles from the coast and is estimated to have yielded about 400 
carats in 1923 and 800 in 1924. About 300 men are now put- 
ting in a considerable part of their time panning and are getting 
on the average about one carat or $7.00 to $8.00 worth for each 
go hours of work. The diamonds are found in alluvium and col- 
luvium ; the best pay is a little below the surface and in places the 
ground is worked to a depth of 20 feet. About 25 miles south 
of the Rio Pao Secco is another new diamond locality on the Rio 
Capivari. The country rock seems to be undisturbed Permian 
and no peridotites or other intrusions are known nearby though 
they may be present. Pre-Cambrian rocks with coarse pegma- 
tites outcrop less than 50 miles to the west but apparently not 
within the drainage basins of streams passing the deposits. Some 
rubies, emeralds, zircons, and other precious stones are found 
with the diamonds and it seems possible the districts once lay in 
drainage that had access to the basement complex. Agates suggest 
that perhaps there are intrusions and one wonders if the diamonds 
may not have developed in conjunction with local metamorphism 
of carbonaceous sediments. The pegmatites of Goyaz invite in- 
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vestigation ; they carry micas up to 2 or 3 feet, fine crystal quartz 
and, according to reports, topaz, sapphires, tin, wolfram and gold. 

Bauxite——Bauxite, dufrenite, and iron and maganese oxides 
were found in association near the coast in the gold region of the 
northwest corner of Maranhao. The known deposits are large— 
aggregating around 5 billion tons, and comprise most of the bodies 
of isolated hills from 1 to 5 miles across and 50 to 300 feet high. 
Two of the best known are Piracaua and Trauhyra which are 
visible from several miles at sea. The deposits carry some gold 
and rest on pre-Cambrian rocks at about sea level. At Piracaua 
much placer gold has been taken from the base of the hill. Both 
the Piracaua and Trauhira rocks show an analysis 20 per cent 
to 30 per cent alumina, 15 per cent to 30 per cent PO; and 10 
cents to 20 cents in gold. The phosphorus which at first seems 
objectionable may itself be profitable under a treatment involving 
first mechanically separating the dufrenite, bauxite, and other 
minerals. 

Iron and Manganese.—Iron and manganese oxides were found 
throughout the state and in some places may be workable; iron 
oxides are conspicuous almost everywhere though no large depos- 
its were found. Transfer of iron and silica short distances by 
solution, and even in part mechanically, is prevalent throughout 
the region and a layer of iron ore over quartzite is common. The 
exact requisite conditions and details of the process or processes 
are as yet unknown but more or less sandy iron oxide with some 
pisolitic ore is common. It is evident that the oxide has, in places, 
pushed apart the grains of sand deposits, though in other places 
the sand and oxide may be contemporaneous. The peculiar hard- 
‘canga ” is widely developed and is appar- 
ently due to the same set of processes. Here, as in many other 
parts of the world, are numerous examples of uncemented or 
poorly cemented materials becoming more indurated through ex- 


‘ 


ened subsoil known as 


posure. Grains of magnetite in sandstone were observed in many 
places and near Riachao curious stalactite-shaped masses of man- 
ganese oxide were seen in soft red sandstone. The best deposits of 
manganese seen were on the peneplain at the top of the pre-Cam- 
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brian though they may be related to a peneplanation much later 
than pre-Cambrian. Some of the iron and manganese of the state 
will undoubtedly be worked when better transportation facilities 
are available. 

Copper.—Malachite, arsenopyrite, and native copper were 
found at Grajahu near the center of the state and on the edge of 
a partly amygdaloidal intrusive body 40 miles or more across. 
Apparently there were at least two times of intrusion, both post- 
Permian and the later intrusion is more dense and crystalline 
Most of the intruded rock is remarkably deeply decomposed and 
porous. Cracks, cavities and even pores are commonly filled with 
calcite and agates are abundant. The copper minerals are in part 
amygdaloidal fillings and in part disseminated. Copper stains 
are conspicuous over an area of more than 100 square miles. No 
prospecting has been done except a few pits less than 10 feet deep. 
The Grajahu river, flowing in a narrow valley 400 feet deep has 
not cut to fresh rock and although no physiographic evidence was 
found indicating that the ground water surface has at any pre- 
vious time since the Permian stood at or below its present strati- 
graphic position, there seem to be possibilities of an ore boby at 
the base of the deeply weathered zone at some unknown distance 
below the present river. Here and there, over around the intru- 
sions there are considerable deposits of laminated arkosic mate- 
rial, at a distance having a purplish speckled aspect much like 
that of the weathered intrusion rock and there are other indica- 
tions that part of the lava reached the surface before congealing 

Non-Metallics—Bedded gypsum and selenite crystals were 
found in both Permian and Tertiary. The beds are commonly 
thin, somewhat deformed and recrystallized. Salt thus far has 
been obtained only by evaporating sea water and sells in places for 
3 cents or even 4 cents a pound, but although beds of rock salt 
were not actually seen there are some indications of their existence 
and of extensive playa sedimentation in strata probably Triassic. 
Potassium chloride is said to have been found as pore filling in 
sandstone south of Caxias and potassium and sodium nitrates 
east of Sant’ Antonio but whether or not in working quantity is 
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not known. There is convincing testimony that gunpowder has 
been made from saltpeter found within the state. Perhaps the 
alkalies are common and have played a controlling part in the 
general solution and precipitation of silica that have resulted in 
the unusual development of quartzites, silica veins, agates, cherts 
and geodes. A striking feature of the cherts is that they are com- 
monly broken and recemented. Ochre and fullers earth occur 
in the Tertiary along the lower Grajahu and elsewhere. 

Bituminous shale was found in several varieties and in several 
widely separated localities. Some is rich enough to hold a flame 
and has been used for torches. However the deposits are not 
thick or of great economic importance. At the same time petro- 
leum products are so high priced that small scale distilling is 
likely to be profitable. Ichthyol is reported south of Caxias. Coal 
and petroleum may be present but no good evidences were seen 
except some good bituminous coal said to have come from the 
Gurupy river. 

Conclusion.—The gold region is ready for the competent en- 
gineer. The Grajahu copper seems sufficiently promising for 
testing with a drill. The diamonds and other minerals of Goyaz 
and adjoining portions of Maranhao invite exploitation. The 
agricultural and commercial possibilities are so great as to call 
for railroads and auto roads and the climate and health conditions 
are surprisingly favorable. The state seems ready for great and 
rapid development. 

170 BrRoaDway, 
New York Cry. 








ELECTRICAL CONDUCTIVITY OF ORE-MINERALS.' 
PAUL F. KERR AND CHARLES K. CABEEN. 


INTRODUCTION. 


THE mineralogist is well acquainted with the laws which govern 
the conductivity of electricity in minerals, and further with the 
simple principles involved in their application to mineral identifi- 
cation. A study of the literature dealing with determinative 
methods, however, shows a surprising neglect of this property in 
the procedure recommended for practical work. It appears that 
workers when interested in the subject have gone to one of two 
extremes; either through endeavoring to make the usual fine dis- 
tinctions in electrical measurements employed by the physicist 
they have become involved in such delicate measurements that 
their methods become too tedious for practical mineral identifica- 
tion, or they have gone to the other extreme and eliminated sensi- 
tive apparatus entirely, thus leading to results that are only gen- 
eral in nature. This condition is probably due to the fact that 
those interested in accurate measurements of conductivity were 
not interested in identification, and mineral investigators have not 
employed apparatus sufficiently sensitive and practical. Without 
regard to the cause of the situation it appears that there is still 
an opportunity left to be of service through an investigation of 
the electrical conductivity of ore-minerals with equipment de- 
signed to meet the requirements of the mineralogist. 

Work with polished surfaces of ores has presented difficult 
problems in mineral identification and there has been, conse- 
quently, a general search for more satisfactory determinative 
methods. In view of this effort it seems that a special study of 
the electrical conductivity of the minerals in ores should be par- 

1Dr. H. P. Whitlock, of the American Museum of Natural History, has kindly 


aided the investigation by making specimens in the museum available for testing. 
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ticularly appropriate at this time. The difficulties encountered in 
the identification of minerals on polished surfaces are such that 
even the possibility of a small improvement in mineralogical 
technique should be worthy of attention. 

The object of the present paper is twofold: first, to draw at- 
tention to the possibility of a greater reliance upon electrical con- 
ductivity in mineral determination; second, to describe a simple 
conductivity device which has been found useful in determinative 
work. The description is presented with the hope that others 
will find similar apparatus of their own construction to possess at 
least equal and possibly greater utility. 

When considering the applications of the apparatus in deter- 
minative work it must be kept in mind that, even though electri- 
cal conductivity is useful in determination it should not be relied 
upon as a sole means of identification. As a test, conductivity 
should be used advisedly and should be supplementary in nature, 
since in determinative mineralogy no one procedure should be 
adopted to the exclusion of others. 

The apparatus is designed primarily for use in the identifica- 
tion of minerals that appear on polished surfaces, but is just as 
available for unpolished material and has even been found useful 
in the determination of mineral grains encountered in ore dressing 
problems. It is furthermore possible to use it to advantage in 
connection with blowpipe analysis where the material studied is the 
ordinary roughly broken specimen. 


DESCRIPTION OF APPARATUS. 


A simple arrangement for comparing the conductivity of min- 
erals is shown by diagram in Fig. 1. The apparatus consists of 
six 1.25 volt flashlight bulbs with small sockets to fit, two dry 
cells, a milliammeter (or other sensitive detector), needle contact 
points and the necessary connecting wires. 

The flashlight bulbs are arranged in series, each connected to 
a small mercury cup. In the sketch the bulbs are lettered A, B, 
C, D, E and F and the cups directly connected to the bulbs are 
similarly lettered. A nail is soldered to the end of a flexible cord. 





tv 
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This nail placed in a mercury cup, completes a circuit with the 
light corresponding to the cup and all others below it in the 
series. Thus, as shown in the figure, the nail resting in cup E 
causes flashlight bulbs 4, B, C, D and E to be in the circuit. By 
moving the nail to cup F all six bulbs would be in the circuit, or, 
by placing the nail in cup A only one light (bulb A) would be 
connected. 








FLASH-LIGHT BULBS CONNECTED 
IN SERIES 
—=_—_e 










CONTACT NEEDLES 

















Fic. 1. Sketch of the electrical conductivity apparatus. Five lamps are 
shown connected in series with the dry cells and contact needles. 


The milliammeter is placed in the circuit provided a given min- 
eral fails to show conductivity sufficient to light bulb A. To do 
this the open switch shown in the sketch must be closed and the 
closed switch opened. When the nail is placed in cup F all six 
bulbs and the milliammeter will be connected in series. Should 
the mineral fail to show any effect the nail can be changed to E 
when only five bulbs and the meter will be in the circuit. If the 
mineral fails to register any conductivity at E the number of 
lights in series can be still further reduced to D, C, B and A or, 
by touching the nail to the nearest binding post shown on the 
right of the figure all of the lights may be taken out of the circuit 
and the milliammeter left alone. 

The arrangements just described make it possible to connect 
quickly in circuit with the contact needles, one to six bulbs either 
with or without the milliammeter. 
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The milliammeter or whatever sensitive current detector may 
be available is only left in the circuit when the mineral under in- 
vestigation has been shown to have such a low conductivity that 
no effect may be observed with the light bulbs. This precaution 
is necessary because the current from the two dry cells is suffi- 
cient to burn out the small coil in the instrument if applied di- 
rectly without resistance such as a poorly conducting mineral 
supplies. The contact needles may be prepared by forcing two 
fine needles through a cork in such a way that the points come 
to within about one half millimeter of each other; flexible wires 
are then soldered to the eyes of the needles and the cork and 
soldered connections covered with sealing wax, thus forming a 
solid pointer which will hold the needles fixed in position in spite 
of the handling incident to constant use. 


METHOD OF TESTING. 


In testing an unknown mineral the contact between the needle 
points is made by pressing them firmly against the mineral and 
observing the number of bulbs lighted and their approximate 
brilliance, or the reading on the meter. It is useful to have as a 
standard several specimens of known minerals having unequal 
conductivity. Ready comparison may be made between these 
and an unknown. With a new outfit such comparisons are neces- 
sary in order to test the range of the apparatus. When, how- 
ever, the apparatus is standardized and one becomes familiar with 
the variation in the resistances of the light bulbs it is easy to esti- 
mate the relative conductivity by observing the number of lights 
illuminated by a given mineral. A series of lights so arranged 
is not so sensitive to slight differences in conductivity as to be 
erratic and cause difficulty in manipulation, yet will show suff- 
cient differences to be of value. 

The amount of pressure applied on the needles and the amount 
of surface of the needles on the mineral are important. Both 
should be varied until the maximum conductivity effect is regis- 
tered by the apparatus. Thus the purpose of each individual test 
should be to determine the maximum conductivity obtainable with 
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the individual specimen under examination. This can be ac- 
complished with a little practice and the character of the maximum 
for different specimens of the same mineral determined independ- 
ently will show a fairly constant agreement, provided the mineral 
is constant in purity and chemical composition. This test may 
be considered analogous to the optical method of measuring ex- 
tinction angles where maximum angles are recorded, although 
others are also observed. 


DISADVANTAGES. 


No single method of mineral identification is infallible. All 
become subject to inaccuracy under certain conditions. Since 
the determination of conductivity as a method in mineral identifi- 
cation is no exception to the rule of infallibility it should be im- 
portant to mention the disadvantages in order to avoid mistakes 
in application. 

1. The conductivity of minerals may vary with the orientation. 
For instance, on crystals of galena the octahedron faces usually 
appear to be better conductors than the cubes. Furthermore, the 
mode of aggregation influences the character of the contact and 
hence the conductivity on different parts of the specimen. Fi- 
brous, granular and coarsely crystalline specimens of the same 
mineral must be compared with care lest decidedly conflicting re- 
sults be obtained. In spite of all possible precautions in testing, 
a few minerals show variable conductivities. If the range of 
conductivity in such cases is large the property should not be 
relied upon, but if small it may be used advisedly provided the 
limits are known. 

2. In working with fine-grained aggregates of two or more 
minerals it is often impossible to find enough of the surface of 
an unknown mineral to make a contact for testing. This is prob- 
ably the most serious disadvantage of all, for it limits the appli- 
cability of the apparatus to grains nearly one half millimeter in 
diameter and precludes its usefulness in work with very fire inter- 
growths often encountered in microscopic work. 

3. A large number of minerals are such poor conductors that 
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their conductivity may only be determined with extreme difficulty. 
The apparatus can give only negative results in such cases. 

4. The conductivity of minerals may vary due to the presence 
of chemical impurities. This, however, may prove to be a partial 
advantage, as for instance, in the case of titaniferous magnetite 
where the titanium bearing mineral has a much lower conductivity 
and may be thus detected. 

5. Isomorphous minerals present serious difficulties in identifi- 
cation that would require a detailed study to overcome. The 
distinction between such minerals as tetrahedrite and tennantite 
by conductivity alone would be a hazardous undertaking. In 
such a series as the spinel group, however, conductivity can be 
used to advantage. 


ADVANTAGES. 


The advantages of the apparatus may be stated briefly. The 
outfit is simple, free from delicate adjustments and need not be 
expensive. Tests are quickly and easily obtained and are definite 
in character. Many ore-minerals conduct electricity in varying 
amount and it is therefore possible to group them according to 
their relative conductivity. As long as the conductivity of 
standard minerals is kept in mind it is possible to use the relative 
conductivities of unknowns as part of the diagnostic information 
necessary for their identification. The idea is analogous to that 
constantly employed in the case of hardness where Moh’s scale is 
used as a relative standard. Thus it is of practical importance to 
know whether an ore-mineral is as good a conductor as chalcocite 
or as poor as the usual variety of tetrahedrite or tennantite. 


EXPLANATION OF CHART. 


In order to facilitate the use of conductivity apparatus the 
chart, Fig. 2, is inserted to show the relative conductivities of 
ore-minerals. Three general classes are included: (1) those 
minerals having a conductivity sufficient in quantity to come 
within the range of the series of flashlight bulbs; (2) the class of 
minerals with conductivity that may only be detected with the 
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y. aid of the milliammeter; (3) those minerals which are from the 
standpoint of the apparatus non-conductors. Class 1 is divided 
ce into three divisions, A, B, and C; Class 2 into two divisions, D 
al and E; and Class 3 is made up entirely of division F. In test- 
ite 
~ COMARATE ELECTRICAL CONDUCTIVITY OF ORE-VINERALS , 
DETECTED BY LAMP SERIES DETECTED BY MILLIAMMETER WOW- CONDUCTORS 
fi- A 8B c 4) £ Ff 
Aguilarite Graphite Altaite Aikinite Argentite Acanthite 
he Algodonite Hessite Bornite Arsenopyrite | Berthierite |Aeschynite 
Amalgam Lehrbachite Chloanthite Chalcopyrite | Clausthalite |Alabandite 
. Antimony Leucopyrite Coloradoite Diaphorite Cobal tite Azurite 
ite Arsenic Lollingite Crookesite Enargite Cosalite Binnite 
Bismuth Metacinnabar | Glaucodot Famatinite Emplectite Bismuthini te 
In Breithauptite | Niccolite Nagyagite Galena Geocronite Boulangerite 
Calaverite Pentlandite Magnetite Tlmenite Hematite Bournonite 
Chalcocite Pyrrhotite Smal tite Pyrite Lillianite Broggerite 
be Copper Sylvanite Stannite Tetradymite | Marcasite Brookite 
Covellite Tellurium Meneghinite Cassiterite 
Domeyki te Molybdenite |Chalcophanite 
Dyscrasite Palladium Chromite 
Gersdorffite Pitchblende [Cinnabar 
Gold Plattnerite Columbi te 
Iron Pyrolusite Cuprite 
Lead Psilomelane |Dufrenoysite 
Mercury Sperrylite Euxenite 
he Millerite Sterndergite |Fergusonite 
Petzite Tennantite Franklinite 
b Platinum Tetrahedrite |Freieslebenite 
€ Silver Uraninite Géthite 
° Tiemannite Greenockite 
ite Ullmannite Guitermanite 
Whitneyite Hauerite 
Hausmannite 
ng Hetaerolite 
Hiibnerite 
Jamesonite 
to Fentesd te 
Kermesite 
of Limonite 
, waa 
M, e 
ive Nenganeeite 
Massicot 
on VARIABLE CONDUCTORS Mélaconi te 
Monaz e 
at A B | c | D | &E Octahedrite 
é —— Chloanthite ——> Aikinite—> Peayeerite 
» 1S ~+~—— Cobal tite Polycrase 
~<—Emplectite—-> [Polymignite 
to Galena Proustite 
Pyr rite 
ite + Petzite——_> oe Marcasite ——> Pyrochiore 
Smaitite > op tea immer of syceet areas ts 
Tennantite —————>jRutile 
+——— _ Sylvanite—> ———- Tet rahedrite ——__—__>} os geemer-ba 
r cheelite 
“ is ieee Schirmerite 
. ~— . Senarmontite 
Sphalerite 
Stephani te 
1! wa eae 
we r e 
-~ walfent ts 
Wurtzit 
of cenotion 
Zincite 
ose Zinkenite 
me 
of : Sipe ; : : 
the Fic. 2. Tabulated list of ore-minerals and mineral associates that are 


often related arranged in groups having a similar electrical conductivity. 














736 PAUL F. KERR AND CHARLES K. CABEEN. 


x 


ing minerals with the conductivity apparatus the groups will be 
indicated by the apparatus somewhat as follows: ? 























| Number of Number of Milliammeter 
Class. | Division. Bulbs in Lights Reading in 
| Series. Glowing. Hundredths. 
A 6 6 to 3 Not connected 
} 
: 4 B 6 2tol Not connected 
& 5tolr 340.1 Not connected 
| wp 6 0 20 to 100 
E 6 fs) 0 to 20 
6 too re) 0 to 100 
3 | F o te) oO 














Within each of the five groups of the conductors it is often pos- 
sible to make finer distinctions in the degree of conductivity than 
those indicated in the chart. These refinements, however, are 
much more reliable when made with the aid of standards which 
produce a known effect on the apparatus that can be compared 
directly with the effect due to the unknown. 

Variable minerals are shown at the bottom of the chart, the 
range of variation from group to group being given in each case. 
The mineral is assigned to positions in the chart depending upon 
the observed maximum conductivities for all the specimens in- 
vestigated. 

SUMMARY. 


The chief point involved is the presentation of a simple con- 
ductivity device found to be useful in the identification of ore- 
minerals. This device has the advantage of being inexpensive, 
easily operated and giving a convenient method for determining 
the relative conductivity of ore-minerals, a property which is of 
considerable aid in identification. A chart is included grouping 
minerals according to their relative maximum conductivity. 

The chief obstacles in using electrical conductivity lie in limita- 


2 No two sets of equipment will agree exactly, hence the table is only approxi- 
mately accurate for any outfit other than the original. 
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tion of grain size, inability to distinguish between minerals of like 
conductivity, and the presence of many (apparently) nonconduc- 
tors. The error due to variation in the effect observed when the 
character of the contact varies is overcome by always determining 
the maximum conductivity for the specimen under observation. 
When used with a fair idea in mind as to the advantages and dis- 
advantages, electrical conductivity is a useful property that has 
often been neglected. It must be born in mind, however, that 
all tests should be relative and determination should proceed by 
comparison. 
CoLuMBIA UNIVERSITY, 
New York City. 











PHYSICAL CHEMISTRY OF THE CALCIUM 
SULPHATES, AND GYPSUM RESERVES.’ 


OLIVER BOWLES? AND MARIE FARNSWORTH? 


THE gypsum industry has shown remarkable growth during 
recent years, production in 1923 amounting to 434 million tons 
valued at nearly 35 million dollars. Therefore, the question of 
reserves is assuming increasing importance. 

The stability relations of gypsum and anhydrite, and the vari- 
ous conditions under which they may be formed, or may exist in 
nature have never been thoroughly worked out. Research re- 
cently conducted at the Nonmetallic Minerals Experiment Station 
of the Bureau of Mines has brought out certain facts that may 
be of interest to the geologist and to the chemist, and at the same 
time may have a direct bearing on the future prospects of gypsum 
mining operations. 

The mineral anhydrite occurs in large quantities in some gyp- 
sum mines. At the present stage of technical progress it is diffi- 
cult to market and constitutes a serious handicap in mining opera- 
tions. The claim has been made, and seems to be fully sub- 
stantiated, that an increase in the proportion of anhydrite may be 
expected as greater depths are attained in the mines, thus the fu- 
ture of the industry is beset with increasing difficulties. The 
data developed through bureau research are directly related to 
the occurrence and stability of gypsum and anhydrite, both at the 
surface and under a heavy load of superimposed rock. 

Gypsum deposits of commercial size are said to be formed in 
four principal ways as follows: 


1 Published by permission of the Director of the Bureau of Mines, Department 
of the Interior. 


2 Superintendent, Nonmetallic Minerals Experiment Station, Bureau of Mines, 
(In coéperation with Rutgers University, New Brunswick, N. J.). 
3 Assistant Chemist, Bureau of Mines. 
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Direct deposition by evaporation of sea water. 

. Concentration of disseminated gypsum by moving waters. 
3. Alteration of limestone beds by acid sulphate waters. 

4. Alteration of anhydrite. 


to 


A brief discussion of these methods follows. 

1. Direct Deposition—As shown by Van’t Hoff, when a solu- 
tion of pure calcium sulphate in water is evaporated at a tempera- 
ture below 66° C. gypsum is deposited; if above 66° C. it de- 
posits as anhydrite. When, however, other soluble salts, par- 
ticularly sodium chloride, are present, anhydrite precipitates at 
temperatures as low as 30° C., and gypsum deposited below that 
temperature will, in the presence of a saturated sodium chloride 
solution, change into anhydrite. In the evaporation of sea water 
the lower temperature limit at which anhydrite crystallizes is 25° 
C. It seems probable, therefore, that conditions of solar evapo- 
ration in dry climates have commonly been favorable for the 
deposition of anhydrite, and that a large part if not the major 
part of calcium sulphate beds originating in this way, has been 
deposited in the form of anhydrite rather than gypsum. 

2. Concentration by Moving Waters—Gypsum is soluble in 
water in the proportion of about one part in 386 at a tempera- 
ture of 18° C. Therefore, disseminated gypsum may be readily 
dissolved, and may later be deposited in beds. Intermittent 
streams in arid regions provide favorable vehicles for such con- 
centration. The earthy form known as gypsite is derived from 
primary deposits through circulation of ground waters. 

3. Alteration of Limestone—Some large deposits of calcium 
sulphate have resulted from the alteration of limestone beds by 
the action of acid sulphate waters, commonly derived through 
decomposition of disseminated pyrite in the limestone or adjacent 
beds. Other calcium-bearing minerals may be changed in a 
similar manner. Clarke * claims that much of the calcium sul- 
phate thus formed goes into solution, is carried away, and may 
later be deposited as a saline residue. Dana® states that much 


4 Clarke, F. W., “ Data of Geochemistry,” 5th edition, U. S. Geol. Survey Bull. 
770, p. 586. 


5 Dana, J. D., “ Manual of Geology,” 4th Ed., p. 554. 
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gypsum of the Salina formation in New York resulted from 
action of acid sulphate waters on limestone. Either anhydrite or 
gypsum may result from such chemical reaction depending on 
conditions. As in the case of sea-water deposition the character 
of the deposit depends largely on the temperature at which the 
reaction takes place. At temperatures between 30° C. and 66° 
C. varying with the concentration of salts present, anhydrite will 
‘be formed, at lower temperatures gypsum will result. As will be 
pointed out later pressure probably has little effect on the reaction. 

4. Alteration of Anhydrite-—Until recent years anhydrite was 
regarded as an uncommon mineral in the United States. Dana’s 
“System of Mineralogy,” 6th edition, 1892, gives only three 
United States localities. Rogers* writing in 1914 records 60 
localities where anhydrite occurs in this country, some of the de- 
posits being of large extent. Other extensive deposits have been 
noted since that time, especially by Stone‘ in his work on gyp- 
sum resources. Many important deposits of gypsum have re- 
sulted from alteration of anhydrite. Gypsum is the stable form 
of calcium sulphate at or near the surface of the earth, and the 
slow hydration of anhydrite through geologic ages may have 
formed zones of gypsum 100 to 300 or 400 feet thick resting on 
unaltered anhydrite. Large gypsum deposits in Nova Scotia 
and in Texas have undoubtedly been formed in this way. 
Rogers * attributes all the gypsum occurring near the town of 
Gypsum, Eagle County, Colo., gypsum in the Ludwig mine and 
at Mound House, Lyon County, Nev., also the gypsum in the 
Rising Star Mine, Shasta County, Calif., to hydration of anhy- 
drite. Rogers’ conclusion based on wide observation is as fol- 
lows “‘ From all the available evidence it seems certain that many, 
if not most, of the gypsum beds have been formed by the hydra- 
tion of sedimentary anhydrite.” Clarke® refers to a gypsum 


6 Rogers, A. F., “ Notes on the Occurrence of Anhydrite in the United States,” 
School of Mines Quarterly, Columbia Univ., vol. 36, p. 121. 

7 Stone, R. W., “ Gypsum Deposits of the United States,” U. S. Geol. Survey 
Bull. 697, 1920, pp. 19-21. 

8 Rogers, A. F., work cited, p. 127. 

9 Clarke, F. W., work cited, p. 229. 
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bed 60 to 100 ,feet thick at Bex in Switzerland, formed by altera- 
tion of anhydrite. Newland notes a change to the anhydrous 
form at depths beyond 100 feet in the western New York district. 
This would indicate that the calcium sulphate was formed pri- 
marily as anhydrite, and that the latter is slowly hydrating to 
gypsum near the surface by the action of ground water. Stone ™ 
describes many occurrences of anhydrite where associated gyp- 
sum beds have with reasonable assurance been formed by hydra- 
tion of anhydrite. 

It is evident from the above that anhydrite is abundant in na- 
ture, and that many commercially important gypsum deposits 
have been formed by surface alteration of anhydrite. The 
former belief that the occurrence of anhydrite is somewhat re- 
stricted was due in part to the fact that anhydrite rarely occurs 
at the surface, the exposures being hydrated to gypsum, and in 
part to the misinterpretation of drill records. Drill cuttings in 
many places designated as gypsum may have been anhydrite, for 
the powdered minerals are similar, and furthermore, some of 
the designations may have been based on chemical tests for sul- 
phur and calcium without reference to the water content. 


EXPERIMENTAL DATA. 


The tests and studies conducted by the Bureau of Mines have 
furnished interesting data on the stability relations of the two 
minerals. It was found that anhydrite placed in pyrex glass 
bombs with water was unchanged under a temperature of 210° 
C. and a pressure of 19 atmospheres.. Gypsum similarly treated 
changed over to anhydrite at a temperature of about 160° C. 
This establishes the fact that anhydrite is the stable form of cal- 
cium sulphate under conditions of high temperature accompanied 
by pressure.” In these tests temperature and pressure were in- 
creased simultaneously and therefore, no evidence is afforded as to 

10 Newland, D. H., “ Mineral Industry,” vol. 28, 1920, p. 333. 

11 Stone, R. W., work cited, 1920, pp. 19-21. 

12 For further details of these tests see Bureau of Mines Reports of Investiga- 


tions, Serial No. 2654, entitled “‘ Effects of Temperature and Pressure on Gypsum 
and Anhydrite,” by Marie Farnsworth. 1924. 
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how much of the effect is due to pressure and how much to tem- 
perature. As all pressure tests in the experiments conducted 
were made by heating the mineral with water in bombs, for every 
increase in pressure there was a corresponding increase in tem- 
perature, and it was not possibie to obtain experimental evidence 
of the effect of pressure alone. Fairly definite conclusions may 
be reached, however, on a theoretical basis. From a study of the 
volume relations of gypsum and anhydrite, it appears that gyp- 
sum should be the stable form under high pressures. One thou- 
sand grams of gypsum occupy a volume of 431 c.c. since gypsum 
has a density of 2.32; this weight of gypsum decomposes to 
give 791 grams of anhydrite and 209 grams of water. The an- 
hydrite having a density of 2.96 would occupy a volume of 267 
c.c.; the water would occupy a volume of 209 c.c.; the total vol- 
ume would thus be 476 c.c. Therefore, since the combined vol- 
ume of the anhydrite and water is more than the volume of the 
gypsum, hydrostatic pressure should tend to form gypsum from 
anhydrite and water. 

When water is present with anhydrite at low temperatures gyp- 
sum is slowly formed. From the volume relations given above 
the conclusion may be reached that pressure tends to accelerate 
the reaction, but no experimental data bearing on this problem 
have been noted. It may be concluded, therefore, that while 
anhydrite is stable under conditions of high temperature and 
pressure, temperature is the controlling factor as it overcomes 
entirely the opposite tendency of pressure to form gypsum rather 
than anhydrite. 

In the case of hydrostatic pressure on gypsum there is no doubt 
as to what will happen. The anhydrite and water occupy a larger 
volume than the gypsum, and therefore pressure will not cause a 
reaction to take place that results in a larger volume. In other 
words, gypsum subjected to uniform pressure will remain gyp- 
sum no matter how high or low the pressure may be, provided 
the temperature is not higher than the decomposition point of 
gypsum at that pressure. 

In the case of non-uniform pressure the conditions are not so 
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simple. This, is a phase rule problem over which there has al- 
ready been a great deal of controversy without any final conclu- 
sion having been reached. One equation applying to this condi- 
tion was first developed by Riecke ** in 1894 and is as follows: 
log =— =, (1) 
Co 2n 

where 4 and 4 are temperatures, e is the reciprocal of Young’s 
modulus, Vs is the specific volume of the solid, 7 is the thrust in 
dynes per sq. cm., and A is the latent heat of the solid. The other 

equation that applies to the same condition is 

6 —V.4r 

logs. i ia (2) 
and has been discussed by Williamson ** and by Johnston and 
Adams."” From the first equation it may be stated as a general 
theorem that the dissociation point at the free surface is depressed 





in consequence of any stress by an amount dependent on the 
latent heat and the work done on unit mass. In the second case, 
at the thrust surface, the melting point is depressed by pressure 
but raised by tension, being dependent on z and not on 7°. The 
amount is also much larger than for the free surface. It is 
known, for example, that a certain hydrostatic pressure will melt 
ice at — 5° C., but if a thrust is put on the ice and it is then 
melted with hydrostatic pressure much less pressure is needed if 
the ice can melt at the thrust surface but only a very slightly less 
pressure if the melting must take place on the free surface. 

For gypsum the case is analogous; that is, if a thrust is exerted 
on gypsum and the decomposition takes place at the free surface, 
the effect of pressure is very small. If, however, decomposition 
takes place at the thrust surface, the effect of pressure is quite 
large and according to equation (2) it is possible to force water 
out of the gypsum. Theoretically this is possible but in practical 
application the question arises as to whether a semi-permeable 
wall which would permit water to escape would be capable of 


13 Riecke, E., Ann. Phys., 54, 731 (1895). 
14 Williamson, E. D., Phys. Rev., 10, 275 (1917). 
15 Johnston, John, and L. H. Adams, Am. J. Sci., 35, 205 (1913). 
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acting as a medium of sufficient pressure to bring about the 
change. This seems highly improbable and from evidence now 
available, it can only be concluded that anhydrite and water are 
probably rarely formed from gypsum by the application of pres- 
sure. Wallace ** confirms this conclusion in the following state- 
ment: “‘ There is an increase of volume in the transformation 
gypsum — anhydrite + water, and although the liquid phase will 
at once seek regions of lower pressure, it is the volume relation- 
ship at the moment of transformation that regulates transforma- 
tion conditions.” He further states “ direct geological evidence 
has yet to be adduced before the theory can be accepted that trans- 
formation of gypsum to anhydrite, at great depths below the 
surface, takes place to such an extent as to be of geological im- 
portance.” 

The conditions may be briefly summarized in the statement 
that the reaction 


CaS04 + 2H.0 = CaSO, 2H.0 


is reversible 





very slowly toward the right at temperatures be- 
low 66° C., though accelerated somewhat by pressure; to the left 
retarded by pressure at low temperatures, but accelerated rapidly 
by increase in temperature above 66° C. The occurrence of anhy- 
drite with increasing depth in mines is due, therefore, not to a 
change of gypsum to anhydrite with increasing pressure, but to 
the fact that anhydrite is the original form which has remained 
unchanged at depth. In other words, the order of occurrence as 
observed in nature is due to an alteration of surface anhydrite to 
gypsum, and not to a change of gypsum to anhydrite. 

In the western New York gypsum beds which dip at low 
angles, an increase in the proportion of anhydrite may be noted 
in passing downward in the direction of the dip. Newland” at- 
tributes this condition to the increasing permanent load which, he 
assumes, renders gypsum unstable below depths of 250 to 300 
feet. It seems more reasonable, however, to assume that the 


16 Wallace, R. C., “ Gypsum and Anhydrite,” Geol. Mag., 1914, p. 275. 
17 Newland, D. H., “ Relation of Gypsum Supplies to Mining,” Trans. A. I. M. 
M. E., vol. 66, 1922, p. 93. 
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original bed was entirely anhydrite, and that hydration by mete- 
oric water in a slow downward progression has reached a depth 
of not more than 250 or 300 feet. The occurrence of anhydrite 
rather than gypsum in the original bed was evidently due to a 
favorable temperature and salt concentration, rather than to a 
high pressure. 

What bearing have these conclusions on the problem of gypsum 
reserves? Though following a different line of reasoning in 
general they sustain Newland’s claim that more and more anhy- 
drite may be expected as greater depth is attained in gypsum 
mines. However, the absence of any decided effect of pressure 
indicates that gypsum may exist under heavy load, that it is pos- 
sible for gypsum beds to remain indefinitely in the form of gyp- 
sum until such depths are reached that a temperature of about 
66° C. is attained. Thus, if water is present, gypsum may be 
formed from anhydrite at any depth below the surface where the 
temperature is below the critical point, and in like manner gyp- 
sum beds carried far below the surface by rock folding may exist 
indefinitely if not dehydrated by heat. 

BuREAU OF MINES, 
NONMETALLIC MINERALS STATION, 
New Brunswick, N. J. 
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INTRODUCTION. 
SINCE the war the discussion of the origin of the ore of the cupri- 
ferous shale of the Mansfeld region, Germany, has been vigor- 


1The writer visited the Mansfeld region in the fall of 1923, but only a very 


small part of the material presented in this paper is based on his own observations. 
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ously renewed in the German literature.* It is only within the 
last two or three years that the ore has been studied to any extent 
microscopically in polished section, and these investigations have 
thrown new light upon its manner of occurrence. As many of 
the articles appear in publications of restricted circulation, and in 
view of the new data brought forward by these recent studies, it 
has been thought desirable to briefly summarize the current litera- 
ture on this very interesting deposit. 


GEOLOGIC DESCRIPTION OF THE ORE. 

General Features of Kupferschiefer Formation—The Kupfer- 
schiefer is a formation of black, bituminous shale of Upper Per- 
mian age, which has a widespread distribution in Central Ger- 
many. In places it is characterized by its copper content, which 
may average three per cent. Cu over wide areas, but throughout 
most of the extent of the formation, copper is either absent or 
present in insignificant amount. 

The Permian in Central Germany consists of two parts, a lower 
division regarded as continental in origin, the Rotliegende, com- 
posed of sandstones, shales, and conglomerates, prevailingly red 
in color, and of various types of lava flows, tuffs, and breccias; 
and an upper division, the Zechstein, composed of three groups, 
the lowest of which consists of three members, a lower conglom- 
erate, the Zechstein conglomerate, about seven feet thick; the 
Kupferschiefer beds, two feet in thickness; and an upper lime- 
stone formation, the Zechstein limestone, which contains a typical 
marine fauna and is about 25 feet thick. The two upper divi- 
sions of the Zechstein are composed of the older and younger 
salt groups. In the Mansfeld region both copper and potash are 
won from the same mines, but from different levels. 

The Kupferschiefer sediments are generally regarded as hav- 
ing been deposited in a long arm of the sea, 200 miles in width and 
1,500 miles in length, that extended westward from Russia across 
Poland and Germany to England. According to von Freyberg 
(1924) the parts of the shale that carry an important amount of 


2 For references see bibliography at end of article. 
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copper were laid down in an embayment of this sea that extended 
toward Southern Germany. Pompeckj (1914) states that the 
Kuperschiefer sea covered an area of at least 22,500 square miles 
in Germany, and throughout much of this region its deposits con- 
sist of a black, bituminous shale that rarely exceeds a meter in 
thickness. The content of bitumen varies from 5 to 20 per cent. 
In some of the drifts in the mines in the Mansfeld region asphalt 
may be seen oozing out of the rocks and in a few places the shale 
gives off methane. The chief fossils of the Kupferschiefer are 
fishes and land plants, which latter are regarded as having been 
washed in from the land. The presence of marine invertebrates 
indicates that the sea was marine, but their great scarcity, both as 
to number of species and as to number of individuals suggests 
that they were not living in their normal habitat. 

Distribution of Cupriferous Beds——The regions in which the 
Kupferschiefer formation carries a high amount of copper occur 
in Central Germany, south and east of the Harz Mountains, par- 
ticularly in the Mansfeld district, which is located 35 miles north- 
west of Leipzig and is the only region where the Kupferschiefer 
is being mined at present. In the vicinity of the Thiringer Wald, 
60 miles southwest of the Mansfeld region, the shale is also cupri- 
ferous and in the past was mined. Except at Bottendorf, the 
formation in the intervening area is covered with later deposits, 
but apparently the copper content does not extend through, for 
all bore holes to date have shown but a slight amount of copper. 


MANSFELD REGION, 


Structure —The Kupferschiefer in the Mansfeld region occurs 
in the Mansfeld syncline, the axis of which rises gently toward 
the west. The distance between the surface outcrops of the Kup- 
ferschiefer on the two sides of the syncline is about 15 miles and 
the beds dip 5° or 10° toward the center. The structure is com- 
plicated by the presence of a number of faults and sharp folds 
(called Riicken), which strike N. 70° to 80° W., approximately 
parallel to the axis of the sycline. The displacement on some 
faults is only a few feet, but on others throws of 75 to 100 feet, 











ORE OF MANSFELD, KUPFERSCHIEFER, GERMANY. 749 


and on one fault 300 feet, occur. The faults continue into the 
under- and overlying beds and are thought to be not older than 
Upper Jurassic and probably to be Tertiary in age. 

General Character of the Ore—The Kupferschiefer in the 
Mansfeld region averages nine inches in thickness, but ranges 
between five and twenty. The entire shale is cupriferous and 
practically all of it is mined. The ore is not concentrated but is 
smelted directly. The copper content averages three per cent. Cu. 
However large fluctuations of the metal content occur within 
short distances, but only rarely does it become so low that it is 
unprofitable to mine the shale. In general the tenor diminishes 
from the bottom of the formation toward the top. 

The copper content bears no relation to the faulted regions. In 
the vicinity of some of the fault zones it is high but in others it is 
low. Furthermore, in places several hundred yards away from 
the nearest fault, the ore in some instances is richer than in the 
intervening areas. 

The copper minerals are predominantly bornite, chalcocite, and 
chalcopyrite. Geipel (1919) reports the presence of covellite, 
but Hoffman (1924) in his careful work failed to find it. Hoff- 
man states also that tetrahedrite is rare. Native silver is an im- 
’ portant constituent of the shale. In the Mansfeld district the 
Kupferschiefer averages about .o15 per cent. Ag. The amount 
present corresponds closely to the amount of copper in the shale, 
for where the copper content is high the silver is also high and 
where the copper is low the silver is likewise low. In general the 
silver occurs in the ratio of one part silver to 200 parts copper. 

Zinc and lead are also abundant in the formation, occurring as 
sulphides. Various other metals likewise are present in consider- 
able amounts, as may be seen from the accompanying tables. 
Many of these metals have not yet been traced to the minerals in 
which they occur. However, in fault fissures cutting the shale, 
niccolite, chloanthite, molybdenite, and uraninite have been found. 
Walther (1919, p. 37) mentions the presence of tungsten, but 
Lang (19214, p. 75) denies its existence in the Kupferschiefer. 
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TABLE I. 


AVERAGE COMPOSITION OF THE SHALE MINED IN THE MANSFELD REGION 
IN THE YEAR IQII. 


From Hoffmann (1924, p. 283) after Franke. 


Per cent. 


BEML. Cote oneal mie oe aigiee Mines ets aise aie ors eis ae eee naie we oe ett 32.41 
SRO Me econ oom oriekie sant tele aie ete eed a oes s'sla mls 12.89 
RPEID oats eis choy Si Sik eR RES SR Se 6 sinless sais as Mieieseisreleiat ans 11.03 
BRD 9 Cwkogrch is CAA RGR ERM GEM ER CE eee SE wk alseSee sans 3.69 
ROME ao ss tion cise eee aie on eee ead oO Sa « Hacab ewes Shes 3.24 
SS Po A ese Tol RAP eee eee CE ee 0.018 
BD) ae ead Sere he Ries Oia Re eee G 555 swiss ie wile Semcon 0.59 
WA eb as cane ho areas charm icie ela arate Sine ini cise S41 ere se lew aes 1.85 
BEE cars chit a oct ie ee eee TR Geist lowe sew a cisieie sostos 2.87 
S. ais cates ea akist hones nae en weiss eh ecm a sS sos cle nee es 2.61 
CRS SSeS et toi a ee ea ey BAe ee OPE eee 0.61 
OE ao See eat Sons SO He RC OR Oe OMT ORT 10.49 
AS a MEN can ca Ga sie ir Ate anise ois oes iclsl oarevs aise oie Soke 8.75 
Water soluble constituents chiefly gypsum ............. 1.55 
CPEs OOS ESS te (I ee a Se eed a ee 0.13 
DAHON E. cai Aa ae oN Re hid Seles eee es Sanne 0.77 


TABLE II. 


AVERAGE CONTENT OF RARER METALS IN THE KUPFERSCHIEFER IN THE 
MANSFELD REGION. 


From a compilation made by Hoffmann (1924, p. 284). 


Per cent. 


WESTER Eb aob et SEs oe Memon EEO wa Gee eing Sent 0.033 
WA of cs ee ie SRG EEE Rie mse ei else ies wien 0.052 
ASE oAls skeen ee ne Tek RIOR SRE em Oe ae Coco meee 0.009 
DE ed bake hoe SR oe Sees OANA bointae kate es Sei aie 0.0017 
EUS 4:5 pod SEeSSS VES Re Oe CE EN Ree ee en Soo seen ear 0.018 
ISO Ga thoes wee Pe RE RR Ce EE eRe ON Cee aww eee 0.018 


Description of Ore as Based on Polished-Section Studies. 
Within the last three years several workers have studied the ore 
microscopically in polished sections: The most detailed and thor- 
ough descriptions are by Schneiderhohn (1923) and Hoffmann 
(1924), upon whose work the following account is based. Ac- 
cording to Hoffmann, the mode of occurrence of the ore in the un- 
disturbed regions is markedly different from that in the faulted 
zones, in which latter, migration of the ore occurred after the 
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shale was formed. In the normal undisturbed regions the sul- 
phides occur as isolated minute grains, lenses, or small rounded 
masses called “Speise,” all of which types grade into one an- 
other. They are all small in size, the lenses rarely exceeding 0.1 
mm. in width and a few mm. in length, and with but few excep- 
tions they are all arranged parallel to the bedding. They consist 
for the most part of bornite and chalcocite, and they are com- 
pletely surrounded by the clay and bituminous substances of the 
shale, even to the most minute irregularity of their surfaces. 
The shale matrix in which they occur consists chiefly of bitumin- 
ous substances and minute sericite flakes, among which quartz 
grains from .005 to .o2 mm. in diameter are scattered. Except 
for a few cases Schneiderhohn and Hoffmann find that the born- 
ite and chalcocite do not replace the shale in the undisturbed 
zones. ‘They take this as evidence for the syngenetic origin of 
the bornite and the chalcocite. In the few places where the lenses 
are transverse to the bedding, generally the angle is small and 
Pompeckj (1921) has pointed out that this discrepancy may be 
due to a subsequent schistosity having been imposed upon the 
shale. Schneiderhohn explains it as a normal product of deposi- 
tion. He states that absolute parallelism is not the rule in any 
sediment and he regards this as a normal variation. 

In the undisturbed regions, according to Schneiderhohn and 
Hoffmann, chalcocite replaces the bornite and the carbonates, 
and is considered as being slightly later than them, but as it does 
not replace the shale, they think it to be contemporaneous with 
the formation of the shale. In other words, they regard the 
bornite and chalcocite as having been formed at the same time the 
shale was being deposited, but that the bornite was developed 
before the chalcocite. The bornite in places is intergrown with 
small narrow carbonate lenses in such a manner as to indicate 
simultaneous formation. Sphalerite is believed also to be of the 
same age as the bornite. Hoffmann states that native silver oc- 
curs only in those polished sections in which chalcocite is present. 

According to Hoffmann a migration of bornite, chalcocite, and 
native silver has taken place in some of the faulted zones. The 
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bornite and chalcocite in contrast to the undisturbed regions, 
clearly replace the shale and there, according to him, are later than 
the shale in origin. The downthrown blocks have been enriched 
the most. 

All workers agree that the chalcopyrite now present in the shale 
is largely epigenetic in origin and is later than the bornite and 
chalcocite, for it replaces the bornite and chalcocite in both the 
normal and undisturbed zones. It commonly occurs in small 
veins 0.5 to 1.0 mm. in thickness. Hoffmann thinks it is associ- 
ated with an infiltration of gypsum and is the result of acid solu- 
tions, for in its formation the carbonates have been attacked. 

Mineralization of Beds Adjacent to the Kupferschiefer—The 
Kupferschiefer in the Mansfeld region is underlain by a light- 
gray, crossbedded sandstone of disputed age, three to ten feet 
thick, locally called the Weissliegende. Occasionally the upper 
few inches of it are impregnated with ore, but the mineralized 
portions bear no relations to the faulted zones. The ore miner- 
als are essentially the same as in the Kupferschiefer and, accord- 
ing to Schneiderhdhn and Hoffmann, they occur in the same 
manner. Therefore they regard all the ore minerals in the Weiss- 
liegende except the chalcopyrite, which replaces the bornite and 
chalcocite, as contemporaneous with the formation of the Kup- 
ferschiefer. Krusch (1923) on the other hand regards the born- 
ite and chalcocite as supergene. 

The beds overlying the Kupferschiefer in some of the faulted 
zones have been mineralized. In places this mineralization ex- 
tends up to the gypsum that forms the base of the middle Zech- 
stein. According to Geipel (1919) the ore minerals are chiefly 
bornite and chalcocite. 





ORIGIN OF ORE, 


Beyschlag’s Epigenetic Theory.—Beyschlag (192I1a, 1921b) 
is the chief supporter of the epigenetic origin of the ore. He re- 
gards the Kupferschiefer as a marine, bituminous, pyritiferous 
deposit formed in a sea similar to the Black Sea. He believes 
that the shale did not originally contain any significant amount of 
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copper or silver, although he (192I1c) admits that the original 
pyrite may have contained some copper. He thinks the metals 
originated from the Permian magma, and were carried by aque- 
ous solutions through fissures until they reached the almost im- 
pervious Kupferschiefer, where they spread laterally beneath the 
shale, and gradually penetrated it, being precipitated out as 
chalcopyrite (and as other metal sulfides?) by the reducing action 
of the pyrite and bitumen in the shale. He states that very little 
of the primary chalcopyrite is now left, because bornite and 
chalcocite have been formed from it by the action of descending 
solutions. 

Many objections have been raised against this theory. Since 
the copper sulphides occur as grains or lenses that do not replace 
the shale, but are completely surrounded by it and are arranged 
parallel to the bedding, Schneiderhohn and Hoffmann find it very 
difficult to conceive how the ore can be epigenetic in origin. Lang 
(1921@) points out that the widespread continuous distribution of 
the ore, the fact that in places several hundred yards from the 
nearest fault the copper content is richer than in the intervening 
area, and the extremely low permeability of the shale, do not fa- 
vor an epigenetic origin. Beyschlag says that the regions in 
which the Kupferschiefer is rich in copper occur where it is under- 
lain by the Rotliegende lavas, which contain copper. However, 
von Wolff’s (1921) investigation of the Rotliegende lavas indi- 
cate that they do not contain an appreciable amount of copper. 
Also Lang (1921@) points out that at Ilmenau the Kupferschiefer 
is surrounded by eruptives, but the shale is poor in copper. 

If the ore was introduced by ascending solutions, Beyschlag’s 
opponents ask why was it precipitated only by the Kupferschiefer 
and not by any of the other bituminous shales cut by the fissures, 
and also why was the precipitation in bituminous shale rather 
than in limestone as is generally the rule. Beyschlag answers that 
the ore was precipitated only in the Kupferschiefer, because only 
there were the necessary reducing agents present. Beyschlag 
mentions also a few instances where bituminous shales in regions 
located outside of the Mansfeld district have been enriched where 
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cut by cupriferous veins. Another objection that has been raised 
to Beyschlag’s theory is that if the ore was formed by solutions 
ascending through fissures, why are no veins containing ore found 
in the beds underlying the Kupferschiefer. 

It is generally accepted that the faults in the Mansfeld region 
can not be older than Upper Jurassic. As the ore according to 
Beyschlag is supposed to have arisen through fissures caused by 
these faults, it is difficult to conceive how the ore solutions could 
be derived from the magmatic waters of a Permian magma. To 
overcome this difficulty Beyschlag argues that possibly some of 
the faulting is pre-upper Zechstein in age, but Hoffmann points 
out that the evidence for that is very weak. This argument of 
course is not an insuperable objection to the epigenetic origin of 
the ore, for there is still the possibility that the solutions could 
have obtained their metallic content from the metals disseminated 
in the solidified lavas. 

General Syngenetic Theory.—The supporters of the syngenetic 
origin of the ore differ from Beyschlag in that they conceive all 
the metals to have been deposited in the shale at the time it was 
formed. They do not admit of any later introduction of metals 
into the shale. They hold that the water of the Kupferschiefer 
sea had a restricted circulation with the ocean and that in places 
of reduced circulation with the surface of the water H.S formed 
which, in deeper parts of the sea near lands from which metal- 
liferous solutions were derived, caused the dissolved metals to be 
precipitated as sulphides. The Kupferschiefer sea is not thought 
to have had the great depth of the Black Sea, but to have been 
relatively shallow. The source of the metal solutions and the 
degree of their concentrations have been difficult questions to 
answer. Some workers would derive them from the Harz and 
others from the Erzgebirge. Schneiderhohn favors a concentra- 
tion in the Kupferschiefer sea of one part copper to 3,000,000 
water. 

The main objection that has been raised (Beyschlag, 1921b) 
to the syngenetic theory is that it does not satisfactorily explain 
the relatively large fluctuations of the copper content that occur 
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in the Kupferschiefer formation in general, and in short distances 
within the Mansfeld region itself. 


RESULTS OF INDIVIDUAL SUPPORTERS OF SYNGENETIC THEORY. 


While most of the supporters of the syngenetic theory agree as 
to the general manner of formation of the ore they differ on cer- 
tain points or in their reports they discuss certain features in 
detail. Therefore a short resumé will be given of particular 
points of interest connected with each writer’s results. 

Pompeckj.—Pompeckj’s (1914,° 1921) conception agrees sub- 
stantially with the outline of the syngenetic theory stated above. 
He explains the increased copper content of the Kupferschiefer 
formation in the vicinity of Mansfeld as due to that region being 
a deeper part of the sea, where the metal solutions because of their 
heaviness would concentrate, thus causing an increased precipita- 
tion of metals in that place. 

Geipel_—Geipel’s (1919) paper is chiefly a discussion of the 
faults (Ricken) of the Mansfeld district. He accepts a syn- 
genetic origin and his conclusions do not differ materially from 
Pompeckj’s. 

Erdmann.—Erdmann (1919, 1921) maintains that as the sul- 
phides were precipitated out of solution they were adsorbed (ad- 
sorbiert) by sinking clay particles and were deposited simultane- 
ously with the plankton. He does not think it necessary to have 
any particularly high amount of copper in solution. The normal 
content of sea-water probably would be sufficient. 

Lang.—Lang (1921a) has written-an exhaustive account of 
the stratigraphic relations of the Kupferschiefer formation, the 
mode of occurrence of the ore, and the manner of origin of the 
deposits. He included a bibliography of more than 250 titles in 
his paper. The following year he published (Lang, 1922) a 
brief summary of the material presented in his 1921 paper. He 
notes that near its former shore the Kupferschiefer consists of im- 
pure limestone and not of bituminous shale. He ascribes this to 
the complete aeration of the shallow water near shore by the ac- 
tion of the waves, thus preventing the formation of H.S and the 





3 Pompeckj’s 1914 paper has been reviewed in English by Schuchert (1915). 
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development of bituminous products. He remarks that the metal 
content of the shale is richer in the lower part of the formation 
than it isin the upper. He believes that ‘in Rotliegende time there 
was no drainage to the sea and the ground water became saturated 
with metal solutions, and that upon the arrival of the Zechstein 
the climate became more humid and the metal content of the 
ground water found its way into the Kupferschiefer sea and was 
there precipitated. Thus at the beginning of humid conditions 
the supply of metals to the sea was high and the deposits were rich 
in copper, but as time went on the addition of metals to the sea 
became less and the deposits became poor in copper. 

Lang mentions that the shore of the Kupferschiefer sea was 
located about 50 miles southeast of the Mansfeld region in the 
country now occupied by the Erzgebirge. He states that the ore 
content of the formation becomes richer toward the old shore line, 
and he regards the metals as having come from the Erzgebirge re- 
gion, which is rich in ores. He thinks that diffusion would be 
poor in a sea with restricted circulation, and the metals would be 
precipitated in greater abundance nearer the shore. However, he 
points out that in the near-shore phase, where H:S was not 
formed, no ore would be precipitated. From this he concludes 
that the region between Mansfeld and the Erzgebirge, where the 
Kupferschiefer is buried beneath later deposits is rich in copper 
and is worth mining. 

This last conclusion has been criticized by Beyschlag (192Ic), 
who shows that Lang’s determination of the increased metal con- 
tent is based on localities separated by 25 to 50 miles, and that 
the variations of the ore in the shale within the Mansfeld district 
itself are greater than the differences noted by Lang between the 
isolated places from which he obtained his data. Lang was also 
criticized by Schrader (1921) who states that in the numerous 
borings that have been made between the Mansfeld region and the 
Erzgebirge, the copper content of the Kupferschiefer in every 
place has been less than 0.7 per cent. Cu. Fulda (1922) in his 
concise review of Lang’s paper criticizes Lang to the same effect. 

The derivation of the metal content from the Erzgebirge has 
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been questioned by Lier (1919), Fohr (1921), and von Freyberg 
(1921, 1924), who would derive it from the Harz, which is 
much nearer the Mansfeld region than are the Erzgebirge. 

Liesegang.—Liesegang (1923), in order to corroborate by 
laboratory experiment the precipitation of copper sulphide by H.S 
in saline solutions, made a solution of 20 per cent. NaCl contain- 
ing Na.S. He overlaid this with a 10 per cent. NaCl solution 
containing no Na.S, and then covered that with a dilute copper 
sulphate solution. He does not mention the concentration of the 
NazS or the copper sulphate. In the middle fluid a layer of black 
amorphous copper sulphide formed. The layer reached a thick- 
ness of a millimeter and then instead of the layer growing thicker, 
particles of copper sulphide began to drop to the bottom. He 
thinks this process is a factor in the deposition of the Kupfer- 
schiefer ore. 

W alther—Walther’s (1919, 1921) conception of the origin of 
the ore is different from that of the other supporters of the syn- 
genetic theory. He conceives of the Kupferschiefer forming in 
a playa lake at the close of the arid Rotliegende. He postulates 
that during the Rotliegende, due to the abundance of volcanoes, 
lavas, and hot springs, the surface waters acquired a high metal 
content, but owing to the great aridity and interior drainage the 
solutions dried up. However, a rainy period or flood came which 
washed a great deal of material into a low-lying basin, forming a 
very shallow lake. This was followed by a dry spell during 
which the water of the lake evaporated, gradually becoming so 
concentrated as to poison the animals living in it, and finally dry- 
ing up to a slime (Brei) from which the metals were precipitated 
as sulphides. It has been pointed out by several investigators that 
the thickness of the shale and the widespread distribution of the 
formation do not stuibstantiate Walther’s hypothesis. 

Schneiderhéhn.—Previous to Schneiderhohn’s (1923) work 
the primary sulphide of the Kupferschiefer had been regarded as 
chalcopyrite, but his studies of the ore in polished section con- 
vinced him that the primary minerals are essentially bornite and 
chalcocite. He notes the presence of great numbers of minute 
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grains, 15 to 20 microns in diameter, which he believes are min- 
eralized bacteria. He regards the ore in part as due to the pre- 
cipitation of the metals as sulphides in the form of gels from 
which bornite and chalcocite were formed, and in part to the min- 
eralization of bacteria as they sank to the bottom of the sea after 
death. 

Schlossmacher.—Schlossmacher (1923) also studied the ore in 
polished section and he criticizes Schneiderhéhn’s determination 
of the minute chalcopyrite grains as bacteria. In the first place 
he thinks that they are not bacteria but only minute concretions, 
and in the second place that they are composed of pyrite and not 
of chalcopyrite. Hoffmann, however, the following year main- 
tains that Schneiderhohn’s determination of them as chalcopyrite 
is correct. Schlossmacher regards tetrahedrite as earlier than the 
bornite and chalcocite, but this has been questioned by Hoffmann 
who claims that Schlossmacher’s tetrahedrite is in reality sphaler- 
ite and that tetrahedrite is very rare in the shale. 

Schlossmacher (1922) in a previous articles concludes from his 
polished-section studies that the chalcopyrite is later than the 
bornite and the chalcocite, but he also regards the bornite and 
chalcocite as supergene in origin. He does not state what he con- 
siders as the primary ore. 

Krusch.—Schneiderhohn is very harshly criticized by Krusch 
(1923), who affirms that bornite and chalcocite are supergene 
minerals formed in the zone of cementation and therefore Schnei- 
derhohn’s assumption that they are primary must be wrong no 
matter what the microscopic evidence may be. Krusch deplores 
the microscopical study of ores and adds, “‘ The greater the mag- 
nification the greater is the source of error (in one’s conclusions). 
Particularly the works based solely on metallographic studies and 
especially American (studies) toward which Schneiderhohn so 
often inclines, show how endlessly many of the results remain 
* Krusch (1919) believes the pri- 
mary ore to be chalcopyrite deposited under conditions similar to 
those of the Alaunschiefer. 


doubtful or are erroneous.” 


4 Krusch, 1923, p. 67. 
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Hoffmann.—Most of the results of Hoffmann (1924) have 
been reviewed in the earlier part of this paper. Hoffmann was a 
student of Schneiderhohn’s and his conclusions agree closely with 
Schneiderhohn’s. Hoffmann made a careful study of the Mans- 
feld district, collecting personally most of the 500 samples he 
studied in polished section. He points out that the mode of oc- 
currence of the ore is different in the undisturbed regions and in 
the faulted zones, and that in the latter a subsequent migration of 
bornite and chalcocite has taken place. This he says accounts for 
the conclusions reached by Schlossmacher that the bornite and 
chalcocite are supergene, for many of the specimens Schloss- 
macher studied came from the faulted zones. 


SUMMARY. 


As a result of these investigations certain things appear to be 
fairly well established. It is generally agreed that the Kupfer- 
schiefer was deposited in a sea similar to the Black Sea. It is 
accepted that most of the chalcopyrite is later than the bornite 
and chalcocite. Practically all the workers regard the ore as syn- 
genetic in origin, but diversity of opinion exists as to what are the 
primary sulphides. 

However, assuming that the ore is syngenetic in origin several 
points remain to be more definitely established. The manner of 
deposition of the sulphides, the regions from which the solutions 
came, the concentration of the dissolved metals in the Kupfer- 
schiefer sea, and the causes of the variations in the distribution of 
the sulphides in the shale, are questions upon which further ex- 
planations are desirable. 
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EDITORIAL 


SUCCESS. 


In the death of Dr. W. G. Miller, Canada lost an outstanding citi- 
zen and geology a well-known devotee. On account of his place 
in Economic Geology and of his former position on the editorial 
staff of this journal, it is fitting that reference should be made to 
him here. 

Numerous biographical sketches and eulogies have appeared. 
They exhibit a singular unanimity concerning his standing as a 
scholar and a gentleman. It is evident that he was admired and 
beloved, not only by his colleagues in geology and in the govern- 
ment departments, by his old students, and by the numerous min- 
ing men with whom he came in contact, but by men of all classes 
and of all walks in life. Considering his bashfulness and self- 
effacement, this widespread recognition of his accomplishments 
and worth is, at first sight, rather remarkable. Here, at all 
events, was a man who made a success of life, and the younger 
generation of geologists may well study thoughtfully the qualities 
and endeavors by which this was achieved. 

He possessed, he must have possessed, the qualifications essen- 
tial for science that someone has catalogued as the simplicity to 
wonder, the ability to question, the power to generalize, the cap- 
acity to apply. As to his geological methods, being firmly of the 
opinion, like Jas. Hutton, the founder of geology, that geological 
problems were to be solved ‘“‘ mente et malleo ” in the field, it was 
there he endeavored to solve them. Laboratory methods were an- 
cillary only, and in case of discordant results, the greater weight 
was given to the field evidence. Rarely does the field fail to pro- 
duce the necessary evidence, if one takes the time to find the right 
exposures. Just as a good newspaper man develops a wonderful 
nose for news and lights on the right man or the right spot, at 
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the right moment, Miller developed a nose for the critical points 
in the field. Dr. George M. Dawson had an uncanny instinct for 
these critical spots and this gift contributed largely to his aston- 
ishingly accurate and comprehensive work on even the most hur- 
ried geological reconnaissance. 

With the new aids to geological research there is a danger of 
overlooking the prime value of field evidence, which, obtained at 
the right spot, is conclusive. Ina recent article in this journal is 
this statement which expresses a widespread feeling: “ Most of 
this literature antedates, or at least does not make use of, the re- 
flecting microscope, but the idea has received a little support from 
microscopical studies.” Now on this point as on most others, 
field observations have furnished even more trustworthy evidence 
than one could hope to get with a microscope. Hutton went too 
far when he opposed even the crude laboratory work of his day, 
remarking, “there are superficially reasoning men who without 
truly knowing what they see think they know those regions of the 
earth that can never be seen, and who judge of the great opera- 
tions of the mineral kingdom from having kindled a fire and 
looked into the bottom of a little crucible,” and Sorby was right 
when half a century later he argued, on behalf of the microscope, 
“there is no necessary connection between the size of an object 
and the value of a fact and though the objects I have described are 
minute the conclusions to be drawn from the facts are great,” but 
Hutton’s general idea is correct that geology is a field and not a 
laboratory science. 

Like Hutton, again, Miller did not indulge to any marked de- 
gree in theorizing. The facts, if you get them, will tell their own 
story. Then why waste time on elaborate speculations that at 
best are unlikely to be more than partially correct, and that never 
settle anything? Spend it rather on getting after the facts. 

A point brought out by his career is the power of understand- 
ing. Some knowledge is indispensable, of course, but it is under- 
standing and judgment that really count, that mark the distinction 
between the great and the near great. A man must be much 
more than a specialist in his own line. This special knowledge 
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is only one of the many ingredients that enter into success. As 
one gains in experience he is being surprised constantly at how 
much is required beyond what he had originally supposed to be 
the one thing needful, knowledge of his subject. But man has 
varied interests. If he has the simplicity to wonder, and the 
ability to question, his wonderment and questioning are not con- 
fined to a particular and limited group of the innumerable pheno- 
mena he encounters in life. All is grist that comes to his mill. 
A specialist must have some outside interests, otherwise he cannot 
be a great specialist. He lacks the necessary background. He 
has too narrow a base. The broader the base, the higher the 
structure, of its kind, that may be erected thereon. Moreover, no 
matter what one’s specialty, one has to deal with men, and men 
who are not versed in one’s own particular line. They judge the 
man, and, as I think, rightly. I have heard of the man who is 
strong in his own specialty but is a fool in everything else. I 
have been on the lookout for him as long as I can remember. I 
haven’t seen him yet, nor have I found anyone else who has recog- 
nized him. I’m beginning to think he belongs to the category of 
Prester John. I have met men with this reputation, but on en- 
quiry have found that they were not considered big men by the 
leaders in their own specialty. No, so far as my experience goes, 
the big man in his own line may be recognized as a big man, by 
any good judge of character, whether the latter knows anything 
about his subject and work, or not. 

But the outstanding feature in all references to Dr. Miller is 
the emphasis placed upon his character and moral qualities. Dr. 
C. V. Corless, General Manager, Mond Nickel Co., writes: “ It 
will be for geologists to express a proper appreciation of Dr. 
Miller’s brilliant work in his own subject. But I hope that they 
appreciate sufficiently what we mining men see so clearly. He 
did more than make original geological discoveries and enter into 
academic geological discussions. He placed his profound knowl- 
edge of geology, his almost unequalled personal and organizing 
ability and his sound judgment wholly and unreservedly at the 
service of mining. For this service geologists owe him as great 
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a debt of gratitude as do mining men. He gave to geology and 
geologists an entirely new status in the mining industry.” Mr. H. 
F. Marriott, Past President, Institution of Mining and Metal- 
lurgy, summed him up as “ the nearest approach to perfect altru- 
ism that I have ever met.” TT. A. Rickard in his brilliant “ Inter- 
views with Mining Engineers ” closes his sketch of Miller in these 
words. “ Honors have come to him, academic and professional, 
but no honor counts so greatly as the affectionate regard of the 
young men to whom he has given a helping hand. By his friends 
you shall judge him.” Canon Cody, ex-Minister of Education for 
Ontario, in the funeral address, thus referred to his old college 
classmate: ‘“‘ He loved science for its own sake and the applica- 
tion of science for his country’s sake. Never did he use his 
marvelous special knowledge for his own personal advantage. 
If you seek for his monument look at New Ontario. He was 
one of its real builders into a great world-famous treasure-house. 
He was a man of sterling character. He was always loyal to the 
trust imposed upon him. He was simple in nature and quite 
unconscious of the greatness of his public service. His devotion 
to duty was all part of the day’s work. He was a fine represent- 
ative of Canada’s best sons,—strong, reticent, unselfish, kindly, 
straight. The real greatness of a man lies not in what he has but 
in what he gives; not in self-aggrandisement but in unselfish serv- 
ice. By all these tests Dr. Miller was great.’ Clearly it was his 
character that most impressed and captivated his fellows. Does 
this furnish the clue to the dominant element in success? 


R. W. Brock. 
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ANGULAR INCLUSIONS IN ORE DEPOSITS. 


Siv: In your issue for Sept.—Oct., 1925, Mr. C. A. Merritt 
presents some valuable experimental observations on the ability of 
silica gels to support heavier isolated inclusions (such as galena) 
without noticeable sinking, for at least two weeks, although the 
gels contained 95 per cent. of water. 

Mr. Merritt, in discussing the well-known phenomenon of iso- 
lated foreign inclusions in veins, observes that “ Spurr has inter- 
preted such fragments as evidence that the ore solutions were 
concentrated and possessed of a viscosity comparable to that of 
magmas.’ Mentioning also the arguments of Bateman that such 
enclosed fragments may be residua of replacement, he suggests 
“that in some ore deposits a third alternative exists, namely the 
supporting of fragments by solutions that are highly viscous and 
perhaps highly aqueous and yet are of lower specific gravity than 
the fragments they support. Solutions that are in the gelatinous 
state are of this type.” 

The difference between the third alternative and my view which 
Mr. Merritt quotes is not striking even in his phraseology. Cer- 
tainly there is no marked contrast in my conception. I quote, for 
example,’ “ A silica jelly contains about 14 per cent. SiO.. Such 
a proportion of silica is markedly greater than the 0.03 per cent. 
of silica (11.41 per cent. of 0.285 per cent.) in the waters of 
Steamboat Springs, or the 0.05 per cent. (45 per cent. of 0.113 
per cent.) in the waters of the Grand Geyser of Iceland, which 
seem to represent the relatively highly siliceous hot-spring waters: 
indeed, it is several hundred times greater, and more nearly ap- 
proximates my conception of the ore magmas as outlined in 

1“ The Ore Magmas,” p. 521. 
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Chapter II. In this chapter, however, I state my belief that the 
amount of water might even be less, say in some cases 50 per 
cent. As I have in various places throughout these essays indi- 
cated, there appear to be various kinds of ore magmas, some rela- 
tively dry and aplitic, some relatively aqueous and pegmatitic; 
and the residue of each on consolidation would appear to be water 
—‘ mineral’ water, the nature and effects of which must not be 
confused with the ore magma. The more aqueous vein magmas, 
whether siliceous or metallic, have the power to pass through 
small interstices of rock, and so impregnate and replace it, a 
property which it is clear any solution might accomplish, and in- 
deed a saturated solution more thoroughly and quickly than a 
watery one.” And on p. 800 of “ The Ore Magmas,” in dis- 
cussing the Terneras vein: “It is inevitable that these heavier 
blocks were supported free in the lighter solution. No escaping 
the conclusion that the solution was viscous—that it was, indeed, 
in the form of a gel or jelly—just such a jelly as has been shown 
may consolidate in rhythmic bands, from the walls out, as this 
vein has done.” 

There is one suggestion in Mr. Merritt’s letter, however, which 
definitely extends the range of possibilities as I saw them: the 
observation that during two weeks there was no observable sink- 
ing of suspended galena fragments in the far lighter silica gel. 
I had supposed that in time such heavier fragments would work 
their way downward unless the jelly hardened. Further cbserva- 
tions of a similar practical character on this subject will be of 
great interest. 

It may be not out of place also to point out once more the well- 
known fact that rock magmas are not necessarily viscous until 
they begin to cool or otherwise “set.” Indeed the evidence is 
ample that normal uncooled rock magma is almost as fluid as 
water. 

J. E. Spurr. 


New York. 
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WOOD TIN IN THE TERTIARY RHYOLITES OF 
NORTHERN NEVADA. 


Sir: Professor Lindgren has recently drawn my attention to 
Mr. A. Knopf’s very interesting paper* on the above subject, 
which [ had previously overlooked. 

The writer’s description is so detailed and clear, his illustra- 
tions so good, that it is easy to grasp the relations between the 
different minerals figured by him. In connection with the occur- 
rence of wood tin, Mr. Knopf, after describing its characteristics, 
asks pertinently: “. . . What is the origin of the banding?” He 
ascribes it to rhythmic precipitation in a medium of colloidal 
stannic oxide. 

The intimate relation of the banding to hematite inclusions 
points to its being due to the mutual reaction (electrical neutrali- 
zation of the disperse phases) of different sols. In this connec- 
tion it is to be remembered that the disperse particles of stannic 
oxide sol are negatively charged, those of ferric hydroxide are 
positively charged, whilst those of silica sol are negatively 
charged. Mr. Knopf describes (p. 656) how, in connection with 
the nuclei of hematite contained in the wood tin, “ some of 
the nuclei are surrounded by opal, then by hematite, and then by 
wood tin.” This can be explained by mutual interaction between 
ferric hydroxide and silica sols resulting in the two substances 
being precipitated together. The ferric hydroxide, having pre- 
sumably the higher surface tension, formed the internal phase 
of the different aggregates produced, surrounded by the coagu- 
lated silica. The external surface of the silica coating may have 
been added to by further deposition resulting from different well- 
recognized causes, but in any case its external surface would be 
negatively charged against the water in contact with it and would 
attract, neutralize, and hold ferric hydroxide particles that came 
within the range of attraction. In this way an external layer of 
ferric hydroxide would be formed round the silica. The surface 
of the ferric hydroxide in its turn would be positively charged 


1A. Knopf, Economic GrEoLocy, 11, 1916, pp. 652-661. 
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against the water and would then be able to attract and neutralize 
negatively charged particles such as those of stannic oxide. In 
this way, partly by mutual interaction and partly by deposition 
due to coagulation in the solution itself, an alternate deposition 
could be produced which would adequately account for the rhyth- 
mic banding described by Mr. Knopf. The continuity of the 
different bands round the hematite inclusions, as contrasted with 
the probable absence of this were they due merely to crustifica- 
tion, is explainable by the influence of surface tension, the higher 
surface tension of the internal phase spreading out the external 
one so as to completely enclose the nucleus of hematite. The 
brecciation of wood tin, referred to by Mr. Knopf, recalls a simi- 
lar occurrence of spheroidal radially fibrous and concentric pyrite 
at the Red Cloud mine, Silverton, Colorado, described and beauti- 
fully illustrated by Ransome.* Mr. Knopf’s interpretation of 
the curved forms of the wood tin as resulting from the rupture 
of Traube cells under geological conditions is very ingenious, 
suggestive, and useful. The general effect produced is perhaps 
more familiar as the lecture table experiment called “ Neptune’s 
Garden.” 

The present writer, unaware of Mr. Knopf’s application of 
the phenomena to a specific geological case, used * it to illustrate 
a possible general isolated banding in ore deposits of gel, or partly 
gel origin. 

The occurrence of tridymite in so colloidal a setting as that 
described by Mr. Knopf is very interesting. Its association with 
lussatite suggests crystallization in dilute solutions resulting from 
syneresis of the silica gel which yielded the lussatite. The radial- 
fibrous structure of the wood tin is probably the result of impeded 
crystallization in highly concentrated, viscous solutions bordering 
on, if not really being, gels. The ferric oxide of the hematite, 
from its association with colloidal silica and the strong colloidal 

2F. L. Ransome, “ Economic Geology of the Silverton Quadrangle, Colorado,” 
U. S. Geol. Survey Bull. 182, 1901, p. 91. 


3H. C. Boydell, “ The Role of Colloidal Solutions in the Formation of Mineral 
Deposits,” Institution of Mining and Metallurgy (London), December, 1924, p. 53. 
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tendencies of ferric hydroxide, was almost certainly deposited in 
colloidal form. Its alteration to hematite has either been by 
direct crystallization from ferric hydroxide gel (which from the 
available evidence would seem the more likely) or by passage 
through the metacolloidal stage to limonite and then to hematite. 
According to Mr. Knopf’s description, crystallization of the 
colloidal silica would seem to have gone little further than the 
chalcedony stage. The scattered quartz grains referred to could 
well have crystallized from dilute solutions produced by syneresis 
of silica gel. 
H. C. Boyett. 
DEPARTMENT OF GEOLOGY, 
Mass. INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, Mass. 


ORIGIN OF SEDIMENTARY IRON ORES. 


Sir: An interesting communication by Mr. A. M. Macgregor 
in your issue of March—April, 1925, brings up an important topic 
bearing upon the origin of sedimentary iron-ores. Mr. Mac- 
gregor suggests that the Pre-Cambrian atmosphere was so no- 
tably different from the present atmosphere that iron carbonate 
was able to remain in solution in highly carbonated meteoric 
waters. This suggestion appears to bear helpfully upon certain 
phases of the deposition of iron formations in Pre-Cambrian 
time, but unfortunately it is quite out of keeping with other geo- 
logical considerations. 

A suggestion of this sort to be true must fit all cases which 
arise following the hypothesis. An atmosphere highly carbon- 
ated requires an ocean also highly carbonated, otherwise the 
carbon dioxide would rapidly, geologically speaking, go into solu- 
tion and deplete the supplies in the atmosphere, unless there were 
truly prodigious supplies of carbon dioxide at that time. Fur- 
thermore, the accumulation of banded iron formations appears 
to have been distributed over very long periods of time, during 
which the atmosphere appears to have been of approximately con- 
stant composition. However, other deposits of these times do 
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not suggest a high concentration of carbon dioxide at all, espe- 
cially the Cobalt glacial conglomerate and its associated phases. 
Glaciation is usually admitted to indicate an extreme type of 
climate which is discouraged by unusual abundance of carbon 
dioxide. 

But in addition there is the more serious objection to this 
hypothesis that it transgresses the law of uniformitarianism. It 
should always be objected in such a case that a fundamental rule 
of geology should never be discarded on the basis of a single 
case; indeed, unless there is a multiplication of cases the general 
principle must be upheld. There does not seem to be adequate 
evidence from enough sources to abandon the general principle 
that Pre-Cambrian processes and geological conditions were 
similar to those of today. Other attempts have been made to 
show a progressive change in the composition of the atmosphere 
during Pre-Cambrian times, but the alleged changes all seem to 
come to an end with the beginning of the Palzozoic Era, when 
adequate evidence bearing upon the subject first became avail- 
able. Practically all Pre-Cambrian work to date has been carried 
forward by men who have interpreted the geological features on 
the basis of similar contemporary phenomena; this has been a 
safe and a fruitful method. The abandonment of the funda- 
mental principles of the science in order to explain the real diffi- 
culties of some problems leads to nothing but error and a post- 
ponement of the discovery of the truth. 

The present writer recognizes the difficulties of the problems 
connected with the crigin of the Pre-Cambrian iron ores, but he 
cannot believe that they are any less formidable than the difficulty 
of establishing the idea that the Pre-Cambrian atmosphere “ con- 
sisted of carbon dioxide and nitrogen and was devoid of oxygen.” 

T. T. Quirke. 
DEPARTMENT OF GEOLOGY, 
University oF ILLINoIs. 
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ASBESTOS DEPOSITS OF CYPRUS 


Sir: In an interesting description of Asbestos Deposits of Cy- 
prus which appeared in No. 4, Vol. XX. of this journal Cornelio 
L. Sagui raises the problem of the origin of harsh fiber. In 
course he says: “ Analyses of specimens of the harsh and soft 
types of chrysotile have also proved that no material change of 
chemical composition was the cause of the difference noted.” 

One could wish that Mr. Sagui had stated whether or not there 
is difference in the water content of these types of chrysotile. 
In 1891, J. T. Donald (Journal General Mining Association of 
Quebec, 1891, p. 28) advanced the view that flexibility of fiber 
depends on the amount of combined water it contains, writing as 
follows: “ When harsh fiber is analyzed we find it to contain less 
water than the soft fiber. In fiber of very fine quality from 
Black Lake, analysis showed 14.38 per cent of water, whilst a 
harsh fiber sample gave only 11.70 per cent.” 

The subject has never been at all completely investigated, as 
far as the writer is aware. It would be of special interest if Sagui 
would give the water content of his samples from Cyprus for 
comparison with Donald’s results. 


Joun A. DRESSER. 
MONTREAL, CANADA. 











REVIEWS 


La Geochemie. By W. VERNApSKy, member of the Russian Academy of 
Sciences, Honorary Professor at the University of Paris. Librairie 
Felix Alcan, 401 pages. Paris, 1924. 

This book contains the substance of a series of discourses given at the 
Sorbonne in 1922-1923. It embodies the results of work carried on in 
the scientific atmosphere of Russia and presents geochemistry from a 
point of view different from anything with which we are familiar. 

The thesis of the book is: first, the necessity of studying the chemical 
elements in the earth’s crust in the light of modern ideas of the struc- 
ture of matter and on the basis of data furnished by geochemistry itself; 
second, the tremendous importance of life as a whole in geochemical 
phenomena. 

The author points out that Mendelejeff’s periodic classification of the 
elements does not serve to bring out facts of primary importance in geo- 
chemistry. Therefore he develops a new, purely empirical classification 
based on observed facts proper to geochemistry as a separate science. 

The essentials of this classification are the existence or non-existence 
of chemical and radioactive reactions, their reversibility or irreversibil- 
ity, and the existence or non-existence of chemical compounds or poly- 
atomic molecules of the elements in question. Four elements, Nb, Ta, 
Ct, Zr, are too little known to be included and others iike Au, Ge, Gl, 
are doubtful but the other eighty are classified as follows: 





1. Free Gases—do not combine or take part in terrestrial chemical phe- 
nomena. He, Ne, Ar, Kr, Xe. 
. Neutral Elements—have many compounds in the laboratory but few in 
nature and are nearly perfectly stable. Rh, Ru, Pd, Os, Ir, Pt. 
3. Cyclic Elements—characterized by numerous reversible chemical re- 
actions. Some of them lose atoms to group four but the cyclic 
character predominates. Includes 42 elements; that is, all those 
not listed under the other heads. 
4. Dispersed Elements—the loss of atoms predominates but cycles exist 
between the combined and the uncombined forms. Li, Sc, Ga, 
Br anh; Ys in; 4, Gs: 
. Strongly Radioactive Elements 
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enter into closed reversible cycles but 


773 











~sI 
“NI 
TS 


REVIEWS. 


a part of the atoms is continually being changed to other elements. 
Po, Nt, Ra, Ac, Th, Pa, U. 

6. Rare Earth Elements—an isolated group with no compounds formed 
near the surface. Those formed at great depths remain stable at 
the surface. La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu. 


Vernadsky holds that geochemistry should not be confined to a study 
of the elements in a rock or magma but that it must include also the 
great quantity of matter which enters into the processes of life. Further- 
more these elements must be followed in their passage from the depths 
to the surface or the reverse, that is, through all the different zones in 
which they may be found. The existence of these zones or envelopes 
within the crust of the earth with distinct physical, chemical, and biologi- 
cal characteristics is accepted as a fact. The study of these zones is 
regarded as of primary importance, since the history of most of the ele- 
ments can be represented as a continuous and regular movement from 
one zone to another. They are in stable but different equilibrium in each 
zone and as they pass from zone to zone the equilibrium changes. This 
change may be slow or fast but it is always the same and always repeats 
itself if time enough be allowed. A table facing page 68 gives a dia- 
grammatic representation of these zones. It is based on those deter- 
mined by heat and pressure, that is the thermodynamic zones, with the 
phases of matter, the chemical composition, and the modes of occurrence 
of matter given for each one. A further distinction is drawn between 
the primary cycle, in which an element passes through two or more zones, 
and the secondary cycle which takes place within the limits of a single 
one. 

The history of a large part of the elements is characterized by closed 
reversible cycles and, since these cycles correspond to the changes of 
equilibrium of the elements as they pass from one zone to another, the 
cycles and the zones are intimately connected. The following outline of 
the manganese cycle will serve as an example of Vernadsky’s treatment 
of one of his so-called cyclic elements. 

Manganese is a widespread element which has been pretty thoroughly 
studied. It forms minerals, it enters into the composition of all living 
matter, and it exists as well in an extreme state of dispersion. It is 
found in various thermodynamic zones and its history in each zone is 
quite distinct. In the deep layers of the crust minerals rich in manganese 
are rare and the manganese exists there mainly dispersed in various 
foreign substances, chiefly in the silicates and alumino-silicates. Bivalent 
manganese is the characteristic and the most stable form. 

Near the surface its occurrence is quite different. Compounds rich in 
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manganese are common and are the most stable forms. Pyrolusite, or, 
in the presence of water or organisms and the products of their decom- 
position, hydrated iron and manganese compounds tend to be formed. 

The history of manganese in the intermediate zone is more complicated. 
There appear at first glance to be only three oxides of manganese—MnO, 
Mn,O,, MnO,, which have very characteristic properties when pure. 
MnO is always a base analogous to FeO, ZnO, MgO and, together with 
these, gives crystalline solid solutions. Mn,O, and MnO,, on the other 
hand, give products of a different nature. They form salts or complex 
anhydrides which in turn give complex salts. As an example braunite, 
a mineral of the intermediate zone, has a formula corresponding to Mn,O, 
but it is not the oxide Mn,O, mentioned above but a manganese salt of 
the acid H,MnO,, whose corresponding anhydride is MnO.,,. 

The geochemical history of manganese becomes clearer when we gen- 
eralize it as a transformation from the dispersed condition in depth to 
the concentrated condition in manganese-rich minerals at the surface. 
The intermediate zone is that in which the transformation between the 
two extremes takes place. 

Opinion .is divided as to what brings about this concentration of 
manganese at the surface, but it is clear that two things have the greatest 
influence. First, life and the reactions between the oxides and the ions 
of manganese; second, water containing free oxygen. In the latter case 
it must not be forgotten that this water is full of living organisms and 
that its chemical reactions are regulated by the chemical properties of 
living matter. The importance of manganese to life has only recently 
been recognized, but it is now known that millions of tons of atoms of 
manganese are in incessant biochemical motion passing in and out of 
living matter. Some bacteria are rich in manganese and apparantly the 
composition of the hydrated compounds of manganese which form at the 
surface depends upon the particular organism that causes their deposi- 
tion. 

The primary cycle of manganese can then be summed up as a passage 
of the manganese from the deep zone where it is in a dispersed state, 
through the metamorphic regions where the concentration and oxidation 
begins, to the surface where, by the agency of living matter, it is further 
concentrated and more highly oxidized. This movement is reversible 
and includes many secondary cycles. The most important of these take 
place near the surface and consist in the passage of manganese from 
aqueous solutions to wads and pyrolusites and back again, a cycle that 
depends upon the actions of minute organisms; and the reversible trans- 
formation from wad to pyrolusite that depends upon the addition or sub- 
traction of water. 
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These cycles as a whole do not include all of the atoms of manganese, 
for some of them exist dispersed in other matter and so escape perhaps 
for ever from the manganese cycles and take part in those of other ele- 
ments. 

The next two chapters trace the cycles of various other elements and 
compounds. The greatest amount of space is devoted to silica and the 
silicates, where particular attention is paid to colloids, and to carbon and 
living matter. The last chapter discusses the radioactive elements. 

The geochemical classification of the elements given above and the 
emphasis placed on the importance of living things are the most striking 
new departures in the book. The importance of life is a thread that 
runs from beginning to end. The processes of life are considered to be 
not incidental but necessary to the economy of the globe. They are shown 
to have their roots in the phenomena that precede not only the develop- 
ment of life but the formation of the crust as well. They are based 
therefore on the atomic composition of the crust. 

Life is studied like any other element, that is, by weight, chemical 
composition, and energy. It is presented as one of the two main sources 
of energy that keep matter in motion. Plants accumulate and transform 
the energy of the sun’s rays, and living organisms as a whole transmit 
this energy to deeper zones than it could otherwise penetrate. The other 
great source of energy is found in the radioactive elements, a force 
absolutely independent of anything else in the way of energy known to 
us 

The crust, then, is not regarded as an inert mass of matter but rather 
as a complicated mechanism that, through the agency of active matter, 
keeps the elements composing it in incessant motion. Life and radio- 
activity are the great energizers. 

The reviewer believes this book to be well worth careful study. It 
incorporates a large mass of data and presents them in a thoughtful and 
illuminating manner. 

W. M. Acar. 


YALE UNIVERSITY. 


The Iron Ores and Iron Industry of China, Part II. By F. R. TEcEn- 
GREN. Mem. Geol. Survey China, Ser. A, No. 2, December, 1923. 
English Text, pp. 180-457, plates and figures. Peking Geological 
Survey of China, Ministry of Agriculture and Commerce, 1923-1924. 
The first part of this report was reviewed in Economic Geotocy, De- 

cember, 1924. The present volume includes descriptions of the deposits 

Hupei, Anhui, Kuangsi, Kiangsu Chekiang, Fukien, Kwantung, Kiangsi, 

Hunan, Kueichou, Ssuchuan, and Yiinnan. In the main these are contact 
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metamorphic deposits of the type so commonly found around the Pacific. 
Mr. Tegengren estimates the total actual tonnage of Chinese ores available 
for modern production at 396,000,000 tons containing 166,000,000 tons of 
metallic iron. He places the potential reserves at 555,700,000 tons of ore, 
202,200,000 tons of iron. The total, while small as compared with Atlantic 
facing countries, taking into account the small consumption in China, is 
considered to be an ample reserve for some 200 years at present rate of 
consumption. Mr. Tegengren does not anticipate any sudden or large 
increase in local demand. In his general summary of the circum-pacific 
situation he points out that the Chinese reserve makes up roughly one third 
of that of the countries bordering the Pacific but that these countries hold 
only 9 per cent. of the actual and about 2 per cent. of the potential iron ore 
reserves of the world. The same countries absorb now 5 per cent. of the 
world’s output and of this supply 30 per cent. themselves. Aside from the 
relative deficiency in iron ore he notes an equally serious lack of coking 
coal so that unless direct methods become more important it is not to be 
expected that the Pacific countries will rival those on the Atlantic in 
iron and steel industries. 


H. Foster Bain. 


The Valley Coal Fields of Virginia. By Marius R. CAMPBELL AND 
OTHERS. With a chapter on “The Forests of the Valley Coal Fields 
of Virginia,’ by Frep C. Peperson. Bulletin No. XXV., Virginia 
Geological Survey, Charlottesville, Virginia, 1925. Prepared in co- 
operation with the United States Geological Survey. 

The second and much smaller part of this volume concerns the forests 
but the first and larger part contains a description and discussion of the 
coals of the Price Formation of Lower Mississippian age which occur 
principally in Montgomery and Pulaski Counties but which also extend 
northeastward into Roanoke, Botetourt, Rockingham and Augusta, and 
southwestward into Wythe, Bland and Smyth. The senior author, 
Marius R. Campbell of the United States Geological Survey, acknowl- 
edges assistance and joint authorship on certain phases from Professor 
Roy J. Holden of the Virginia Polytechnic Institute and assistance from 
Ralph W. Howell, Kent K. Kimball and Curt H. Gudheim. 

The book has sections on Geologic Formations, including a description 
of the other outcropping rocks of the region in addition to the Price 
Formation; on Geologic Structure, with a discussion of faults and other 
dynamic phenomena; on the Coal, with analyses, comparisons of rank 
and other items; and on a Description of Coal Fields, having detailed 
cross-sections of mines and prospects. In addition to the written text 
there are numerous half tones and figures and a separate engraved geo- 
logic map. 
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No student of Applachian geology may examine this book without 
keen interest and admiration, since the region is one in which over- 
thrust faulting has taken place with such profound force that a vast area 
of the Mississippian coals have been covered with a sheet of Ordovician 
and Cambrian limestones, the highly involved phenomena of which have 
been closely studied at Blacksburg for many years by Professor Holden 
and also by the senior author. These features are comprehensively dis- 
cussed, the German term fenster which is not of common use in America 
being applied to the domes of Mississippian rocks from which the over- 
thrust Ordovician has been eroded, and the expressive name of shingle- 
block being applied for the first time to overlapping strata that are 
bounded above and below by overthrust faults. 

In the discussion of the coals the descriptions are good and locality 
numbers are used for the mines and prospects, there being apparently 
little more to be desired in the way of details and clear exposition. The 
introduction of statements telling where certain formations or features 
may best be observed and naming the easiest method of access is much 
to be commended. 

The general make-up of the volume is good although one might think 
that such an important work deserves permanent binding and that the 
use of chapter numbers would be advisable. The cross-sections are ex- 
cellent both in the text and on Plate I., but on the latter the failure to 
use letter symbols in addition to colors for the areal mapping and cross- 
sections cannot be readily understood. Another surprising omission is 
the absence of any detailed section of the Price formation in its type 
locality in Montgomery County, where it is noted as 1,800 feet thick and 
where there are some excellent exposures. Names are applied only to 
the Ingles Conglomerate at the base and to the Langhorne and Merrimac 
coals, higher up, and to the Gunton and Clark coals which are regarded 
as splits off the Merrimac; and the statement is made (pages 25-26) 
that no bed in the formation can be used in tracing the coals. With this 
statement I do not agree, since there is a very prominent red sandstone 
230 feet thick, with a distinctive lithology and with marine fossils, oc- 
curring a few feet below the Langhorne Coal in Poverty Gap and trace- 
able for several hundred miles through the Applachian region. This bed, 
which, in a current report, I am naming the Broad Ford Sandstone from 
its best exposure in Smyth County, is so very persistent and easily recog- 
nized that it clearly ties together the New Providence of Kentucky, the 
Grainger of Tennessee, the Price of Virginia, and the Pocono of West 
Virginia, Maryland and Pennsylvania. Perhaps the old but entirely 
erroneous idea that the Price (Pocono) seldom carries marine fossils is 
responsible for much of the authors’ caution. Most happily it now ap- 
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pears that the non-marine provinces of the formation are largely con- 
fined to certain littoral belts like Morgan County, West Virginia, and the 
region east of the Susquehanna River in Pennsylvania. 

As a whole the volume is an advance over many current state and gov- 
ernment reports, and it sheds so much light on the difficult mechanics of 
Applachian Structure that it may be used with profit both by the college 
student and by his more experienced elders in the profession. 

Davin B. REGER. 
WEsT VIRGINIA GEOLOGICAL SURVEY, 
Morcantown, W. VA. 











SOCIETY OF ECONOMIC GEOLOGISTS 


The Society of Economic Geologists will hold a business meeting at 
the Sterling Chemistry Laboratory, Yale University, New Haven, Con- 
necticut, on Tuesday, December 29th, at 2 P.M. 

No technical papers will be presented at this time, since the program of 
the Geological Society of America is unusually long. The members of 
the Society have been cordially invited by the Geological Society of 
America to attend its technical sessions, the complimentary smoker on 
Monday, December 28th, at 9 P.M., and the annual dinner of the Society 
on Tuesday evening, December 29th. 

Yale University has also courteously invited the members to be present 
at the dedication of the new building of the Peabody Museum of Natural 
History. 


Mr. Marius R. Campbell has been appointed as one of the representa- 
tives of the Society to the Division of Geology and Geography of the 
National Research Council. Mr. Campbell’s term of office expires on 
June 30, 1928. 
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SCIENTIFIC NOTES AND NEWS 


Scott Turner has been selected for the new director of the U. S. Bureau 
of Mines. 

W. L. Uglow, of the Department of Geology, University of British 
Columbia, has gone to Hong Kong for eight months in connection with 
the geological survey of the Colony of Hong Kong carried on for the 
government of the colony by members of the staff of the University of 
British Columbia, under the direction of R. W. Brock. 

W. E. Wrather has returned from Roumania. 

J. Coggin Brown has gone to India to become superintendent of the 
Burma party of the Geological Survey of India. 

E. Willard Berry, son of Professor E. W. Berry, of Johns Hopkins 
University, has gone to Peru for three years of geological work, with 
headquarters at Negritos. 

E. F. Burchard, of the U. S. Geological Survey, has returned to Wash- 
ington after a South American trip. 

Victor G. Hills is mine engineer for the Cyprus Mines Corporation, 
Skouriotissa, Nicosia, Cyprus. 

Eliot Blackwelder, of Leland Stanford University, has been engaged 
during the past summer in field work in the Medicine Bow Mountains, 
Wyoming. 

Paul B. Whitney, formerly of the Continental Oil Company, is to con- 
tinue for another six months his exploration work in New Zealand for 
the Taranaki Oil Fields Limited, a company financed in Melbourne. 
Frederick G. Clapp, consulting geologist, is also connected with this com- 
pany, which is drilling two wells in Taranaki Proyince, New Zealand. 

H. G. Nichols, of Vancouver, is now Provincial resident mining engi- 
neer for the Central (No. 3) district of British Columbia. 

H. S. Whitelaw, who for the last twenty years has been in charge of 
underground and geological surveys of the Bendigo Goldfield, Victoria, 
died at Bendigo on September 30th. He has been connected with the 
Victoria Geological Survey since 1891. 

At a meeting of the New York Sections of the four engineering so- 
cieties, held on November 12th, the following subjects were discussed: 
Subterranean Heat as a Source of Power, Heat-Rich Areas of the United 
States, Developing Natural Steam Wells at the Geysers, California, and 
Thermodynamics of Subterranean Heat. 

The Australasian Institute of Mining and Metallurgy met August 18-24 
at Broken Hill. The history and recent improvements of the mine were 
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discussed, and Mr. E. C. Andrews, government geologist of New South 
Wales, led a geological excursion to points of interest and delivered a 
lecture on the general geology of the region. 

The annual fall field meeting of the Association of American State 
Geologists was held October 12 to 16 in eastern Pennsylvania, the Penn- 
sylvania Geological Survey acting as host. Four days were spent in the 
vicinity of Harrisburg, Hummelstown, Cornwall, Port Clinton, Pottsville, 
Mahanoy, Hazeltown, Mauch Chunk, Lehigh Gap, Slatedale, North Hamp- 
ton, and Nazareth, observing the stratigraphy, structure, and peneplain 
remnants, and reviewing the mineral resources, including the southern 
anthracite field, the slate area, brownstone quarries, cement plants, and the 
Cornwall magnetite mine. Evenings were devoted to discussions. There 
were present as guests several members of the U. S. Geological Survey 
and near-by universities. 

The International Geologic Congress, at its 14th session, at Madrid, 
Spain, in May-June, 1926, will discuss: (1) The World’s Reserves in 
Phosphates and Pyrites; (2) Geology of the Mediterranean; (3) Cam- 
brian and Silurian Fauna; (4) Geology of Africa and Its Relation to 
that of Europe; (5) Tertiary Vertebrates; (6) Hercynian Folds; (7) 
Tertiary Foraminifera; (8) Modern Theories of Metallogeny; (9) Vul- 
canism; (10) Geophysical Studies; (a) Their Application to Geology; 
(b) Necessity of Unification of the Gravimetrical Methods. 

Excursions before the meeting are: (1) Gibraltar and Northern Africa, 
10 days; (2) Petrographic excursion, Cape of Gata and Sierra Ronda, 
11 days; (3) Ore deposits of Linares and Huelva, 9 days; Gaudalquivir, 
6 days; Andalusian Mountains, Cordoba, Granada, Sierra Nevada, 10 days. 

Excursions during session: (1) Almaden mines, 2 days; (2) Guadar- 
rama, I day; (3) Aranjuez, 1 day. 

Excursions after session: (1) Coal fields of Asturias, 6 days; (2) 
Bilboa iron deposits, 3 days; (3) Potassic Basin of Cataluna and Central 
Pyrenees, 10 days; (4) Potassic Basin of Cataluna and Eastern Pyrenees, 
9 days; (5) Balearic Islands, 10 days; (6) Canary Islands. 

Those interested should communicate with the Secretariat General, 
Geological Institute of Spain, Plaza de los Mostenses 2, Madrid. 

The eightieth annual meeting of the American Association for the 
Advancement of Science will be held in Kansas City, December 28 to 
January 2, 1925-26. 


Erratum: Pp. 620-621 (November), Plates I. and IT.; titles on Plate I. 
refer to Plate II., and vice versa. 
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Field book of common rocks and 
minerals (Loomis), 297 

Field methods in Trinidad, 154 

Fissure filling, 661 

Fissures, mechanical opening, 664 

Folding, Ashland area, Alabama, 226; 
North Carolina slate belt, 446 

Foliation of Adirondack rocks, 341 

Foraminifera, 160 

Formation of bauxite, southeastern 
Alabama, 676; of Pacific phosphate, 
276 

Foullon, H. B. von, on magnesite de- 
posits, 46 

Fournet, M. J., on origin of ore de- 
posits, 498 

Fox, Cyril, on bauxite of India, 685 

Fractionation of petroleum during 
capillary migration (Cook), 639 

Freiberg, Germany, marcasite from, 


os 
Freibergite, 576 








788 


Friday Mine, San Diego, California; 
marcasite from, 61 

Frontier Mine, South Lorraine dis- 
trict, 3 

Fulda, E., on origin of Mansfield cop- 
per ores, 756 

Fuller, M. L., on relation of oil to 
carbon ratios, 255 

Funafuti boring, 275 

Fungi precipitating manganese, 304 


Gaby, W. E., on a dip-chart and pro- 
tractor, 181 

Galena, 434, 575 

Galena blend ore, Camp Bird vein, 143 

Galena-bearing ores, Frontier Mine, 
20 

Garnet-mica schist, Ashland area, Ala- 
bama, 219 

Geijer, Per, editorial by, 687; on Swed- 
ish copper deposits, 366 

Geipel, on faulting in Manitoba dis- 
trict, 755 

Gem stones, Maranhao, 725 

Generalizations, danger of, 282 

Genesis of igneous ore deposits, 491; 
Sudbury ore deposits, 504 (see also 
Origin) 

Genesis of the Adirondack magnetites 
(Alling), 335 

Geochemie (review of), 773 

Geocronite, 585 

Geological maps—Ashland graphite 
areas, Alabama, 212; Deep River 
pyrophyllite deposits, 433; Mani- 
toba, northwestern, 431; southern 
Trinidad, 158; Ta-shik-chiao district, 
South Manchuria, 29 

Geological notes on a part of southern 
Trinidad, B. W. I. (Carlson), 153 

Geology of bauxite region of south- 
eastern Alabama, 672; of Broken 
Hill district, New South Wales, 
106; of Ceylon mine, Coosa County, 
Alabama, 228; of Cyprus, 371; of 
High Plains, Texas, 465; of Man- 
churia, 28; of Manitoba, northwest- 
ern, 432; of oil fields of Japan, 70; 
of pyrophyllite region, North Caro- 
lina, 444; of Slocan district, British 
Columbia, 556; of South Lorraine 
district, 3; of Sudbury ore deposits, 
500; of Trinidad, 153 

Geology and the location of dams on 
the Canadian River, Texas (Pat- 
ton), 464 

Geology as a guide to ore (editorial), 
601 
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Geology of the oil fields in Japan 
(Kobayashi), 67 

Geology of the Etta spodumene mine, 
Black Hills, South Dakota 
(Schwartz), 646 

Geology of the metalliferous deposits 
(review), 308 

Geology of the Republic of Haiti (re- 
view), 703 

Gertrude shoot, Camp Bird vein, 121 

Gilbert, Geoffrey, The antipathy of 
bornite and pyrrhotite, 364-370; 
Some magnetite-hematite relations, 
587-596; on marcasite, 55; on oxi- 
dation of coppei ore, 293 

Gold, production in Maranhao, 723 

Gold quartz veins, Manitoba, 433 

Goldschmidt, V., on specularite-flu- 
orite, 687 

Goldschmidt, V. M., discussion of pa- 
per by, 106 

Grabau, A. W., review of book by, 106 

Graham, R. P. D., on the origin of 
asbestos, 372 

Graham, W. A. P., Experiments on 
the origin of phosphate deposits, 
310-334 

Grain growth, 481 

Grand Falls chert bed, 519 

Granite from Harney Peak, 649 

Granitic intrusives, new methods for 
studying, 507 

Graphite, 239; Ashland area, Alabama, 
233; origin, 245 

Graphite deposits of Ashland, Aia- 
bama (®rown), 208 

Graphitic schist series, Ashland area, 
Alabama, 219, 221, 230 

Graton, L. C., Prefatory note to paper 
by S. B. Talmage, 531 

Graton, L. C., and McLaughlin, D. H., 
on carbonate formed from  super- 
gene solutions, 63 

Griesemer graphite mine, 235 

Grim, R. E., review by, 610 

Groddeck, A. von, on origin of ore 
deposits, 407 

Grout, F. F., A magnetite segregation 
in banded syenite in Minnesota, 424- 
430; on behavior of cold acid sul- 
phate solutions with alkaline ex- 
tracts of metallic sulphides, 289 

Grout, F. F., and Broderick, T. M., on 
an erosion unconformity, 514 

Grout, F. F., and Conhaim, H. J., dis- 
cussion by, 289 

Gruner, J. W., on iron ores of the 
Mesabi district, 693; on magnetite 
and hematite, 587 
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Guano, 266 

Guano islands, distribution, 266 

Guano-phosphate, 266 

Guild, F. N., on marcasite, 62; review 
by, 609 

Guppy, R. J. L., on the geology of 
Trinidad, 155 

Gypsite, 739 

Gypsum, 200 

Gypsum deposits, formation, 738 

Gypsum industry, 738 

Gypsum reserves, Physical chemistry 
of the calcium sulphates, and 
(Bowles and Farnsworth), 738 


Haast, Julius von, on quartz supposed 
to be pseudomorphous, 204 

Hafer, C., on pyrophyllite in North 
Carolina, 440, 462 

Hancock shoot, Camp Bird vein, 121 

Harder, E. C., on bauxite deposits in 
Adriatic region, 683; on iron bacte- 
ria, 308; on sulphate reducing or- 
ganisms, 303 

Hardness, definition, 532; 
for, 543 

Hardness of the ore minerals, Quanti- 
tative standards for (Talmage), 531 

Harney Peak, Black Hills, 647 

Harney Peak granite, 648 

Harper, R. M., on organic acids in 
waters of Florida, 331 

Harris, G. D., on the geology of Trin- 
idad, 157 

Harrison, J. B., on bauxite in British 
Columbia, 684; on laterites in Brit- 
ish Guiana, 685 

Hatcho, T., on magnesite in Manchu- 
ria, 26 

Hayes, C. W., on Tennessee phosphate 
deposits, 319; on the bauxite depos- 
its of Georgia, 678 

Headden, W. P., analyses by, 654; on 
tin in the Black Hills, 648 

Hecla East vein, 574 

Hematite, 588; supergene, 593 

Hematite ores, origin, 101 

Henkel, H. L., on solution of protores 
of iron, 694 

Hess, F. L., on Etta spodumene mine, 
647; on tin, tungsten, and tantalum 
in South Dakota, 648 

Heulandite, 644 

Higashiyama oil field, Japan, 80 

High Plains, Texas, 464 

Hillabee schist, 211 

Hirano, K., on magnesite in Manchu- 
ria, 27 
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Hoffmann, W., on copper ores of the 
Mansfield district, 759 

Hokkaido oil fields, Japan, 70 

Holden, R. J., discussion by, 101 

Holland, T. H., on laterite, 685 

Homestake ore bodies, geological age, 
604 

Hominy sand grains, 416, 422 

Hornblende diorite, Ashland 
Alabama, 216 

Hornblende schist, Ashland area, Ala- 
bama, 214, 231 

Hosted, J. O., and Wright, L. B., on 
the age of the Homestake ore bod- 
ies, 604° 

Hot spring water, Clifton, Arizona, 
291 

Howe, E., on replacement in Grass 
Valley gold ores, 474 

Howe, H. M., on the metallography of 
steel and cast iron, 294 

Humic acid, action on phosphate, 326 

Hummel, K., discussion by, 495; on 
enrichment of phosphate deposits, 


area, 


321 

Hydrargillite, 313 

Hydrolysis of ferric iron to !imonite, 
616 

Hypogene silica, 620 


Igneous rocks, Manchuria, 34 

Inclusions in ore deposits, 
veins, 661 

Indigenous limonite, 615, 637 

Instrument for comparing colors of 
two minerals, 172; for scratching 
minerals, 536 

Intercrystalline cement hypothesis, 470 

Intrusives, Ashland area, Alabama, 
29 


Iron, Maranhao, 726 


602; in 


Iron bacteria, precipitation of man- 
ganese, 307 

[ron breccia, 446 

Iron carbonate, 102 

Iron gossan, Caridad mine, Sonora, 
316 


Iron ores and iron industry of China, 
Part II (review of), 776 

Iron Queen Mine, Jerome, Arizona, 
marcasite from. 62 

TIsocarb map of Kentucky, 252 

Tsocarbs and oil and gas production in 
Kentucky, Relation between (Rus- 
sell), 249 


Jackson, D. D., 


on iron bacteria, 308 
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Jaggar, T. A., on testing hardness of 
minerals, 532 

Japan, oil ¥? Ids in, Geology of (Ko- 
bayashi), 

Japan, ore ae: distribution, 

Japanese oil industry, history, 67 

Jarosite, 317 

Jasperoid, 513 

Jeffrey, E. C., review of book by, 704 

Jenkins, O. P., on maocnesite deposits, 
46; review of book by, 610 

Jillson, W. R., on a Mauch Chunk 
island in eastern Kentucky, 258 


716 


Katamorphism, 642 

Kato, Takeo, editorial by, 97 

Kay, G. F., and Pearce, J. N., on 
separation of successive till deposits, 
522 

Keeley Mine, South Lorraine district, 
3 

Kemp, J. F., editorial by, 507; on 
Adirondack magnetite deposits, 335 

Kerr, P. F., on a magmatic sulphide 
ore from Alaska, 262 

Kerr, P. F., and Cabeen, C. K., Elec- 
trical conductivity of ore-minerals, 

729-7 737 

Knopf, A., on wood tin in Nevada, 768 

Kobayashi, G., Geology of the oil 
fields in Japan, 67-82 

Koitoi anticline, Japan, 74 

Kokomo, Colorado, marcasite from, 59 

Komori, S., on magnesite of Manchu- 
ria, 26 

Kona dolomite, 516 

Koto, B., on mizzonite, 40 

Krusch, P., on copper ores 
Mansfield district, 758 

Kupferschiefer formation, 747 


of the 


Lacroix, A., on laterites in Madagas- 
car, 685; on solubility of phosphates, 


22 

Ladoo, R. B., on Glendon pyrophyllite 
deposits, 462; review of book by, 
610 


Lahee, F. H., discussion by, 199 

Lamellar quartz, 207 

Lane, A. C., on relation of rate of 
temperature change to size of grain, 
484 

Laney, F. B., on silicification associ- 
ated with gold ores, 460 

Lang, J., on bauxite in Germany, 684 

Lang, R., on Indian laterite, 685; on 
origin of Mansfield copper ores, 755 

Lateral secretion theory, 406 
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Laterites, 685 

Lead balance sheet, 90 

Lead sulphantimonides, 585 

LeChatelier, M. H., on dehydration of 
pyrophyllite, 455 

Leith, C. K., Silicification of erosion 
surfaces, 513-523; on Adirondack 
rocks, 338; on grain growth, . 

Leith, C. K.,, and Mead, W. J., 
origin of Cuban iron ores, 522 

Leitmeier, H., on silica in Austrian 
magnesites, 48 


Leonard, R. J., analyses by, 654 
Leroy, O. E., on geology of Slocan 
district, 556 


Lesley, J. P., on Clinton iron ores, 101 

Liebrich, on bauxite in Germany, 684 

Lier, K., on Mansfield copper ores, 757 

Liesegang, R. E., on origin ‘of Mans- 
field copper ores, 757 

Limonite, 316, 577, 504, 615, 618; color, 

5 

Limonite pitch, 

Limonite varnish, 622 

Lindgren, W., on classification of ore 
deposits, 317; on gold and silver de- 
posits of America, 7 14; on hypogene 
marcasite, 54, 61: on pseudomor- 
phous quartz, 204; on sericite, 456 

Lindgren, W., and Davy, W. M., on 
nickel ore from Nevada, 264 

Lindgren, W., and Irving, J. D., on 
ores deformed by pressure, 573 

Lindgren, W., and Ross, C., on iron 
deposits of Cuba, 594 

Lithium ore, 646 

Locke, Augustus, editorial by, 691 

LGllingite, 9 

Lome, E. D. de, and Borbén, COM: 
de, on magnesite deposits, 40 

Loomis, F. B., review of book by, 297 

Loughlin, G. F., review by, 308 

Loughlin, G. F., and Coons, A. T., re- 
view of paper by, 201 

Lovering, T. S., on solution and pre- 
cipitation of silica, 694 


McCarthy, J. H., analysis by, 428 

McClaren, M., on bauxite in India, 685 

McConnell, R. G., on the occurrence 
of pyrrhotite, 366 

MacDonald, B., on localization of ore 
shoots, 124 

Macgregor, A. M., discussion by, 105 

McKay, A., on platy quartz, 204 

McKnight, E. T., review by, 297 

Macready, G. A., on the petroleum in- 
dustry of Trinidad, 155 
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Magmas, viscosity, 767 
Magmatic nickel deposits of the 
Bushveld complex (review), 206 
Magnesia, carbonate of, in Funafuti 
boring, 275 
Magnesite, 44; composition, 42, 198 
Magnesite ‘deposits, East Austin Creek, 
California, 198 
Magnesite deposits of 
(Niinomy), 25 
Magnetite, 587 
Magnetite deposit, Minnesota, 426 
Magnetite segregation in Acigped syen- 
ite in Minnesota (Grout), 
Magnetite-hematite seri lg 
(Gilbert), 587 
Magnetites, Adirondack, 
the (Alling), 335 
Manasse, E., on chloritoid, 456 
Manchuria, geologic work in, 25 
Manchuria, magnesite deposits of (Ni- 
inomy), 25 
Manchurian magnesite 
graphic features, 27 
Manganese, 774; Maranhao, 726; pre- 
cipitation, 305 
Manganese culture media, 303 
Manganese precipitated by micro-or- 
ganisms (Thiel), 301 
Mansfield, G. R., on formation of 
western phosphates, 332 
Mansfeld Kupferschiefer, Germany, 
The origin of the ore of (Trask), 


~ 


Manchuria 


5 


Genesis of 


area, physio- 


74 

Mansfeld region, Germany, 748 

Maps—Camp Bird vein and neighbor- 
ing veins, 118; magnetite deposit in 
Minnesota, 425; northeastern Okla- 
homa (part), 410 (see also Geologic 
maps) 

Maranhao, 723 

Maranhao, Brazil, The 
sources of (Shaw, 
Darnell), 723 

Marcasite, 174; supergene, 63 

Marcasite, Paragenesis of 
house), 54 

Martite, 351; formation of, 353 

Mead, W. J., on bauxite deposits of 
Arkansas, 682 

Mechanical analysis of sand grains, 
412; graph of sand grains, 413, 417 

Mechanism of replacement and _ re- 
crystallization (Fairbanks), 470 

Meisner, M., review of book by, 510 

Mennel, F. P., on Rhodesian laterite, 
68 


mineral re- 
Wright and 


(New- 


5 
Merritt, C. A., discussion by, 602 
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Merwin, H. E., on deposition of mar- 
casite and calcite, 65 

Meta-andesites, 608 

Metal content in magmas, 607 


Metamorphic rocks, Ashland area, 
Alabama, original nature, 230 


Metamorphism, A new kind of, and its 
application to the study of ore de- 
posits (Winchell), 642 

Metasomatism, a physico-chemical the- 
ory of, 388 

Methods of plotting well logs, 693; of 
analyzing grains of oil sands, 411; 
of recording sand grain determina- 
tions, 413 

Miami district lead and zinc ores, 521 

Mica, 238, 655; analysis, 654 


Micaceous schists, Ashland area, Ala- 
bama, 230 

Microcline, 656; analysis, 654 

Micro-organisms, Manganese precipi- 


tated by (Thiel), 301 

Microphotographs (see 
graphs) 

Midway Eocene, 672 

Miller, W. G., editorial on life of, 762 
on Cobalt ores, 131, 387 

Miller, W. J., on Adirondack magnet- 
ite deposits, 335 

Milner, H., on the geology of Trini- 
dad, 155 

Milner, H. B., review of paper by, 702 

Milton, Charles, review by, 509 

Mimminger, C. G., on Tennessee 
phosphates, 326 

Mine ‘and smelter production of do- 
mestic copper, lead, and sinc, Bal- 
ance sheets for (Siebenthal), 83 

Mine waters, Frontier Mine, South 
Lorraine district, 8 

Mineral analysis of sand grains, 412: 
graph of sand grains, 414, 419 


Photomicro- 


Mineral deposits in northwestern Man- 


itoba, 

431 
Mineral resources of Maranhao, 

sil (Shaw, Wright 


Relationships in (Wallace), 

Bra- 

and Darnell), 
723 

Mineralization, Frontier Mine, South 
Lorraine district, 5, 15; types in 
northwestern Manitoba, 433 

Mineralogy of Etta spodumene mine, 
654; of North Carolina pyrophyllite 
deposits, 451; of Slocan ore depos- 
its, 561 

Minerals associated with magnesite de- 
posits, 47; of ores, hardness ratings, 
551 
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Mining in Slocan district, 554 

Minssen, H., and Tacke, B., on solu- 
bility of phosphoric acid, 321 

Mizzonite, 40 

Mode of formation of the Porcupine 
quartz veins (Dougherty), 660 

Mohr, H., on magnesite deposits, 46 

Mohs scale for determination of hard- 
ness, 532 

Molybdenite deposit near New Ross, 
Nova Scotia (Cook), 185 

Moore, E. S., discussion by, 604; on 
dehydration of iron hydroxides, 593 

Morse, H. W., and Locke, Augustus, 
on leached ore capping, 614 

Morse, P. F., on bauxite deposits of 
Mississippi, 683 

Morgan, P. G., The so-called “ pseudo- 
morphous” quarts of Tertiary gold- 
silver veins, 203-207 

Morning vein, Coeur d’Alene district, 
oO 

Mortimore, M. E., with Trowbridge, 
A. C., Correlation of oil sands by 
sedimentary analysis, 409-423 

Moruga formation, 161 

Moulds precipitating manganese, 304 

Mud flow breccias, Trinidad, 166 

Mud volcano island, Trinidad, 165 

Mud volcanoes, Trinidad, 166 

Miihlberg, M., Geophysical methods 
applied to oil-finding, 505 

Muller, H., on solubility of apatite, 322 

Multopost, 475 

Murakami, H., on magnesite in Man- 
churia, 26; on the geology of Man- 
churia, 28 

Murdoch, J., on a scale of hardness 
for minerals, 534; on color in pol- 
ished sections, 168 


Nanafalia formation, 673 

Naparima formation, 161 

Nason, F. L., on Adirondack magnet- 
ite deposits, 335 

Native silver ores, Primary, of South 
Lorraine and Cobalt, Ontario (Bas- 
tin), I 

Nauru Island, 269; phosphate deposits, 
277 

Needle for scratching minerals, 535 

Nelson batholith, 556 

New kind of metamorphism and its 
application to the study of ore de- 
posits (Winchell), 642 

Newark formation, 103 

Newhouse, W. H., Paragenesis of 
marcasite, 54-66 


Newland, D. H., on Adirondack mag- 
netite deposits, 335; on anhydrite 
and gypsum, 741 

New Ross, Nova Scotia, Molybdenite 
deposit near (Cook), 185 

Niccolite, 16 

Nickel carbonyl, 287 

Nickel ore, Dracut, Massachusetts, 293 

Nigeli, P., on chloritoid, 456 

Niinomy, Kunitaro, The magnesite de- 
posits of Manchuria, 25-53 

Niitsu anticline, Japan, 80 

Nikitin, V., on magnesite deposits, 46 

Nonmetallic minerals (review), 610 

Norite, 500 

Notes on silver-lead deposits of Slo- 
can district, British Columbia, Can- 
ada (Bateman), 554 

Notes on the oxidation products de- 
rived from chalcopyrite (Blanchard 
and Boswell), 613 


Ocean Island, 270, 281; phosphate de- 
posits, 277, 333 

Oginojo anticline, Japan, 80 

O’Harra, C. C., on spodumene mining 
in the Black Hills, 646 

Oidium, 304 

Oil, geographical distribution in Japan, 
69; production in Japan, 82 

Oil and gas production in Kentucky, 
Relation between isocarbs and (Rus- 
sell), 249 

Oil fields in Japan, Geology of (Ko- 
bayashi), 67; Tertiary formations 
of, 69 

Oil sands, Correlation by sedimentary 
analysis (Trowbridge and Morti- 
more), 409 

Olmstead, D., on the geology of North 
Carolina, 448 

Omo anticline, Japan, 80 

Oospora, 304 

Open fissure filling, 661 

Ore deposition at Cobalt, 131; at Por- 
cupine, 129; sequence in Adirondack 
magnetites, 354 

Ore deposits, distribution within the 
greater Pacific region, 711 

Ore injection, 284 

Ore minerals, hardness ratings, 551 

Ore minerals, Electrical conductivity 
of (Kerr and Cabeen), 729 

Ore minerals, Quantitative standards 
for hardness of (Talmage), 531 

Ore shoots, localization, 124; Slocan 
district, 550, 568 

Ore textures, II 
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Ore-formation processes, Adirondack 
magnetites, 358 

Ores, Deformation in, Coeur d’Alene 
district, Idaho (Waldschmidt), 573 

Origin of Adirondack magnetites, 356; 
asbestos, 372; asbestos veins, 104; 
bauxite deposits, southeastern Ala- 
bama, 675; Clinton hematite ores, 
101; continents and oceans (review), 
402; copper ore of Kupferschiefer, 
752; cupriferous pyritic deposits, 97; 
gold quartz veins, Minnesota, 438; 
graphite, 245; gypsum, 739; harsh 
fiber of chrysotile, 374; lead and 
zinc ores, Missouri-Oklahoma-Kan- 
sas district, 521; magnetite ore, 
Minnesota, 428; magnesite deposits 
of Manchuria, 48; marcasite, 54; 
ores of Slocan district, 570; phos- 
phate deposits of Pacific islands, 
272; pyrophyllite, 455, 458; sedi- 
mentary iron ores, 195, 770; Sud- 
bury ore deposits, 382; sulphates in 
mineral deposits, 314 

Origin of phosphate deposits, Experi- 
ments on the (Graham), 319 

Origin of the ore of the Mansfield 
Kupferschiefer, Germany; a review 
of the current literature (Trask), 
746 

Owen, L., on dolomite in coral islands, 
273; on phosphate deposits of Ocean 
Island, 333 

Oxidation in Frontier Mine, South 
Lorraine district, 7; of ferrous to 
ferric iron, 615 

Oxidation products derived from chal- 
copyrite, Notes on the (Blanchard 
and Boswell), 613 

Oxygen in pre-Cambrian atmosphere, 
196 


Pacific islands, phosphate deposits, 269 

Pacific region, 709 

Pacific region, Structural unity of the: 
evidence of the ore deposits (An- 
drews), 707 

Paige, Sidney, on the age of the 
Homestake ore bodies, 604 

Paige, Sidney, with Darton, N. H., re- 
view of Folio by, 700 

Palmer, Chase, discussion of paper 
by, 305; on California oil field 
waters, 697; on phosphorus in Cal- 
ifornia petroleum, 288 

Pao Secco diamond district, 725 

Paragenesis of marcasite (Newhouse), 
54; of Hecla East ores, 581 

Parisite, 644 


Park, James, discussion by, 500 

Patton, L. T., Geology and the loca- 
tion of dams on the Canadian River, 
Texas, 464-469 

Paulopost, 475 

Pegmatite, Harney Peak, 651 

Pegmatite veins, Ashland area, Ala- 
bama, 22 

Pegmatites of Adirondack magnetite 
deposits, 344 

Pentlandite, 264 

Peptone solution, 303 

Permian of central Germany, 747 

Petrography of North Carolina pyro- 
phyllite deposits, 452 

Petroleum, Fractionation of, during 
capillary migration (Cook), 639 

Petroleum, minor constituents, 286 

Petroleum cokes, 286 . 

Petroleum deposits of the Pacific, 720 

Petzold, A., on origin of ore deposits, 


498 

Phalen, W. C., on Tennessee phos- 
phates, 330 

Phosphate, formation of, 276 

Phosphate deposits, Experiments on 
the origin of (Graham), 319 

Phosphate deposits of the Pacific 
(Power), 266; (discussion), 698 

Phosphate enrichment processes, 32) 

Phosphates of Kentucky, 332 

Phosphorus, solvents, 321 

Photographing grains of oil sands, 411 

Photomicrographs—Adirondack rocks, 
350; graphite ore, 240; Hecla East 
mine ores, 582; hematite and mag- 
netite, 590; manganese precipitated 
by marine bacteria, 306; ore con- 
taining marcasite, 58; phosphate 
sandstone, 279; pyrite crystal veined 
by bornite and chalcopyrite, 606; 
sand grains, 410; silver ore, South 
Lorraine district, 12, 14; sulphide 
diabase, 264 

Physical chemistry of the calcium sul- 
phates, and gypsum reserves 
(Bowles and Farnsworth), 738 

Pinnacles on Pacific islands, 278 

Piroutet, on New Caledonia, 716 

Plans—-Etta pegmatite, 652 

Platinum ore, Waterberg district, 283 

Pleasant Island, 269 

Plotting well logs, 693 

Pogue, J. E., Jr., on mineralization of 
the Cid district, North Carolina, 460 

Polished sections, The diagnostic value 
of color in (Talmage), 168 

Polydymite, 203 
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Pompeckj, J. F., on origin of Mans- 
field copper ores, 755 

Poor, R. S., review by, 508 

Porcupine quartz veins, Mode of for- 
mation of the (Dougherty), 660 

Poronai series, Japan, 60, 71 

Poschl, V., on testing hardness of 
metals, 542 

Posnjak, E., and Merwin, H. E., on 
hydrated ferric oxides, 615 

Power, F. D., Phosphate deposits of 
the Pacific, 266-281; on coral island 
phosphates, 276 

Powers, Sidney, review by, 702 

Pratt, J. H., on pyrophyllite deposits 
of North Carolina, 449 

Pre-Cambrian unconformities, 514 

Primary native silver ores of South 
Lorraine and Cobalt, Ontario (Bas- 
tin), I 

Processes in contact metamorphism 
(editorial), 687 

Production of domestic copper, lead, 
and zinc, Balance sheets for (Sieb- 
enthal), 83 

Protractor, An apparent-dip (Smith), 
181 

Proustite, 20 

Prouty, W. F., on graphite in Ala- 
bama, 209; on the geology of Clay 
County, Alabama, 211 

Pseudomorph, definition, 204 

“ Pseudomorphous,’ The _ so-called, 
quartz of Tertiary gold-silver veins 
(Morgan), 203 

Pumpelly, R., on the geology of Man- 
churia, 28 

Purington, C. W., on Camp Bird ores, 
124, 136 

Putnam, P. C., review of chart by, 508 

Pyrite, 174, 240, 312, 577; oxidation, 
630 

Pyrophyllite, 451; analysis, 457; uses, 
462 

Pyrophyllite deposits of the Deep 
River region of North Carolina 
(Stuckey), 442 

Pyrrhotite, 576 

Pyrrhotite, The antipathy of bornite 
and (Gilbert), 364 


Quantitative standards for hardness of 
the ore minerals (Talmage), 531 

Quartz, 37, 451, 513; lamellar, 207 

Quartz, The so-called “ pseudomor- 
phous,’ of Tertiary gold-siver veins 
(Morgan), 203 

Quartz veins, Ashland area, Alabama, 


22 


Quaternary, Manchuria, 35 

Quenelda graphite mine, 234 

Quirke, T. T., discussion by, 770; re- 
view by, 402 


Radio-aeronautic prospecting, 393 

Ramsey, W., on nickel in petroleum, 
286 

Ransome, F. L., editorial by, 485; on 
Camp Bird ores, 145, 149; on 
Coeur d’Alene district, 583; on 
concentric pyrite from Silverton, 
769; on geology of San Juan Moun- 
tains, 116; on hypogene marcasite, 
54; on lamellar quartz, 205; on ores 
deformed by pressure, 573; review 
by, 200 

Rarer metals in the Kupferschiefer, 


750 

Rastall, R. H., review of book by, 398 

Recrystallization, 478 

Recrystallization, Mechanism of re- 
placement and (Fairbanks), 470 

Redlich, K. A., on magnesite deposits, 
46 

Redlich and Cornu, on tale from 
schists, Styria, 30 

Reed, A. D., on methods for heavy 
mineral investigations, 103 

Reese, C. L., on the formation of 
phosphate deposits, 321 

Reger, D. B., review by, 777 

Relation between isocarbs and oil and 
gas production in Kentucky (Rus- 
sell), 249 

Relation of earth temperatures to bur- 
ted hills and anticlinal folds 
(Thom), 524 

Relationships in mineral deposits in 
northwestern Manitoba (Wallace), 


431 
Renick, B. C., discussion by, 697 
Replacement, 474; in quartz veins, 
667; in Slocan district, 57 
Replacement and_ recrystallization, 
Mechanism of (Fairbanks), 470 
Research on ore deposits, 485 
Resources, Mineral, of Maranhao, 
Brazil (Shaw, Wright and Darnell), 
723 
Rettger, R. E., The bauxite deposits 
of southeastern Alabama, 671-686 
Reviews— 
Central Black Hills folio (Dar- 
ton and Paige), Agar, 700 
A chart showing the chemical re- 
lationships in the mineral king- 
dom (Putnam), Poor, 508 
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Coal and civilization (Jeffrey), 
Stone, 704 

La détermination des plagioclases 
dans les coupes minces (Duparc 
and Reinhard), Guild, 609 

Field book of common rocks and 
minerals (Loomis), McKnight, 
207 

La geochemie (Vernadsky), Agar, 


773 

The geology of the Broken Hill 
District (Andrews), Talmage, 
106 

The geology of the metalliferous 
deposits (Rastall), Loughlin, 
308 

Geology of the Republic of Haiti 
(Woodring, Brown, and Bur- 
bank), Tolman, 703 

The iron ores and iron industry of 
China, Part II (Tegengren), 
Bain, 776 

Lead deposits of Pend Oreille and 
Stevens counties, Washington 
(Jenkins), E. B. W., 610 

Magmatic nickel deposits of the 
Bushveld complex in the Rust- 
enberg district, Transvaal 
(Wagner), Coleman, 2096 

The natural history of crystals 
(Tutton), Milton, 509 

Nonmetallic minerals: occurrence, 
preparation, utilization (La- 
doo), Grim, 610 

The origin of continents and 
oceans (Wagner), Quirke, 402 

Outlines of the occurrence and 

geology of petroleum (Sti- 

gand), DeGolyer, 505 

Paraffin dirt ”; its nature, origin, 

mode of occurrence, and signifi- 

cance as an indication of petro- 

leum (Milner), Powers, 702 

Principles of stratigraphy (Gra- 
bau), Bayley, 106 

The story of copper (Davis), 
Beecher, 297 

Useful aspects of geology 
(Shand), Bayley, 510 

The Valley coal fields of Virginia 
(Campbell and others), Reger, 


“ 


777 
Weltmontanstatistik (Meisner), 
Bayley, 510 
Rhodonite, 145 
Rhyolite, 445 
Richthofen, F. von, on the geology of 
Manchuria, 26, 28 


Rifting in granite, 599 

Rinne, F., on heulandite, 644 

Ripley marl, 672 

Roberts, H. M., discussion by, 382 

Robinson, H. S., on Pearl Lake area, 
Porcupine district, Ontario, 661 

Roesler, M., on iron deposits of Cuba, 
5 

Rogers, A. F., on sericite, 456; on the 
occurrence of anhydrite, 740 

Rogers, G. S., on phosphate deposits 
of South Carolina, 321 

Rotliegende, 747 

Ruby silver, 20 

Rumpf, J., on magnesite deposits, 46 

Runner, J. J., and Hartman, M. L., 
on tungsten in the Black Hills, 648 

Russell, W. L., Relation between iso- 
carbs and oil and gas production in 
Kentucky, 249-260 

Rutile, 239 


Sagui, C. L., Asbestos deposits of 
Cyprus, 371-375 

Salses of Trinidad, 166 

Salt Creek Dome, Wyoming, contours, 
525 

Sampson, E., on Arizona asbestos de- 
posit, 374 

Sand grains, methods of analyzing, 
411 

Sandon, 555 

Scale of hardness, new, 543 

Scapolite, 32, 39 

Schaller, W. T., on gigantic crystals 
of spodumene, 659 

Scheerer, T., on magnesite deposits, 
46 

Schistosity, North Carolina slate belt, 
447 

Schlieren, 599 

Schlossmacher, K., on copper ores of 
the Mansfield district, 758 

Schneiderhohn, H., on copper ores of 
the Mansfield district, 757; on re- 
placement, 474; on scratches on pol- 
ished surfaces, 544 

Schneiderhohn’s tabulation of color 
values of minerals, 175 


Schrader, F. C., on lamellar quartz, 


205 

Schwartz, G. M., Geology of the Etta 
spodumene mine, Black Hills, South 
Dakota, 646-659; A sulphide diabase 
from Cook County, Minnesota, 261- 
265; on xonotlite in Minnesota, 261 

Scientific notes and news, 112, 202, 
200, 407, 511, 611, 705, 781 











796 INDEX TO VOLUME XX. 


Scott, W. W., on determining calcium 
content of phosphate rocks, 325 

Scratching mechanism for microscope, 
537 

Secondary enrichment by acid waters, 
rate of, 280 

Sections—Ashland area, Alabama, 
227; Floyd and MaGoffin counties, 
258; quartz veins in fissile chlorite 
schist, 662; in greenstone, MclIn- 
tyre mine, 661; southern Trinidad, 
162 (see also Cross sections) 

Sections, polished, The diagnostic 
value of color in (Talmage), 168 

Sedimentary analysis, Correlation of 
oil sands by (Trowbridge and 
Mortimore), 409 

Sericite, 452, 631; analysis, 457 

Sericitization in New Ross molybden- 
ite deposit, 186 

Shaeffer, C. A., analysis by, 654; on 
tantalite in the Black Hills, 657 

Shand, S. J., on alkaline rocks, 477; 
review of book by, 510 

Shape analysis graph of sand grains, 
414, 418 

Sharing of drilling information by oil 
companies, 199 

Shattering by replacement, 605 

Shaw, E. W., Wright, W. H., and 
Darnell, J. L., Jr.. The mineral re- 
sources of Maranhao, Brazil, 723- 
728 

Shaw, H., discussion by, 391 

Shearer, H. K., on bauxite in Georgia, 


4 





/ 

Shichiri, S., and Tachikawa, M., on 
talc deposits of Manchuria, 27 

Shingleblock, 778 

Shiro, 78 

Siebenthal, C. E., Balance sheets for 
mine and smelter production of do- 
mestic copper, lead, and zinc, 83-06 

Silica, hypogene, 620 

Siliceous capping of sulphide deposits, 
522 

Siliceous deposits in iron ores, 522 

Silicification, surface, 518 

Silicification of erosion surfaces 
(Leith), 513 

Sillimanite, 239 

Silver in Kupferschiefer, 749 

Silver ore, Townsite Mine, Cobalt, 15 

Silver ores, Primary native, of South 
Lorraine and Cobalt, Ontario (Bas- 
tin), I 

Silver-lead deposits of Slocan district, 
British Columbia, Canada, Notes on 
(Bateman), 554 


Silverman lamp, 351 

Singewald, J. T., Jr., on iron deposits 
of Cuba, 5094 

Slate, 201 

Slip-film, 545 

Sloan, E. S., on concentration of 
phosphates, 331 

Slocan district, British Columbia, Can- 
ada, Notes on silver-lead deposits of 
(Bateman), 554 

Slocan series, 556 

Smaltite, 9 

Smith, E. A., on geology of Alabama, 
672 

Smith, O. E., on Carboniferous age of 
Ocoee slates, 211 

Smith, W. S. T., An apparent-dip pro- 
tractor, 181-184 

Smith Emery Co., analysis by, 292 

So-called “ pseudomorphous” quartz 
of Tertiary gold-silver veins (Mor- 
gan), 203 

Society of Economic Geologists, 110, 
405, 780 

Solvents of phosphorus, 321 

Some magnetite-hematite relations 
(Gilbert), 587 

Somers, R. E., on rutile in clays, 677 

Sosman, R. B., and Hostetter, J. C., on 
relations of hematite and magnetite, 
92 

South America, gold and silver de- 
posits, 720 

South Lorraine and Cobalt, Ontario, 
Primary native silver ores of (Bas- 
tin), I 

South Lorraine district, geology, 3 

Spaeth glass, 104 

Sphalerite, 576 

Spinel, 427 

Spodumene, 646, 653; analysis, 654 

Spurr, J. E., The Camp Bird com- 
pound veind?ke, 115-152; discussion 
by, 396, 766; on dolomite of the 
Aspen district, 52; on ore magmas, 
385; on the formation of gold- 
quartz veins, 660; on the origin of 
metallic concentrations by magma- 
tion, 495; on veins of earthy carbon- 
ate, 64; zonal theory of ore deposi- 
tion, 282 

Standardization of color, 174 

Standards, Quantitative, for hardness 
of the ore minerals (Talmage), 531 

Star vein, Coeur d’Alene district, 583 

State geological surveys, 376 

Staurolite, 40 

Stelzner, A. W., on origin of ore de- 
posits, 407 
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Stibnite, 435 

Stigand, 1. A., review of book by, 505 

Stilbite, 644 

Stillwell, F. H., discussion by, 104 

Stone, J. B., review by, 704 

Stone, R. W., on gy psum deposits, 
740; on magnesite deposits, 46 

Story of copper (review), 207 

Stose, G. W., on origin of Clinton 
hematite ores, 101 

Stratigraphy of southern Trinidad, 
156 

Streng, on bauxite in Germany, 684 

Structural unity, definition, 707 

Structural unity of the Pacific region: 
evidence of the ore deposits (An- 
drews), 707 

Structure, Ashland area, Alabama, 
225; southern Trinidad, 163 

Struverite, analysis, 654 

Stuckey, J. L., The pyrophyllite de- 
posits of the Deep River region of 
North Carolina, 442-463; analyses 
by, 457 

Sudbury ore deposits, 382, 500 

Sulphate reducing organisms, 307 

Sulphates in mineral deposits, 314 

Sulphide diabase from Cook County, 
Minnesota (Schwartz), 261 

Sulphide replacement bodies, Manito- 
ba, 433 

Sulphides, of two generations, 263 

Sulphur and petroleum deposits of the 
Pacific, 720 

Supergene alteration, 316 

Supergene bornite, 368 

Supergene hematite, 5093 

Surface silicification, 518 

Surprise Island, 277 

Swanson, C. D., on laterite, 685 


Taber, S., on the origin of asbestos, 


372 

Tables—action of various solutions on 
phosphate, 324; alphabetical list of 
ore minerals with new and old hard- 
ness ratings, 551; analyses of Adi- 
rondack magnetite ores, 352; aver- 
age composition of the shale mined 
in the Mansfield region, 750; aver- 
age content of rarer metals in the 
Kupferschicfer in the Mansfield re- 
gion, 750; comparative electrical 
conductivity of ore minerals, 735; 
correlation of Adirondack rocks, 
349; correlation of the Tertiary 
formations of oil fields in Japan, 
69; determination of the original 


minerals of derived limonite, 636; 
domestic copper balance sheet, 87; 
domestic primary lead balance sheet, 
890; domestic primary zinc balance 
sheet, 92; formation of hydrargillite 
from plagioclase, 313; geologic for- 
mations of Manchuria, 28; minerals 
associated with magnesite deposits, 
vo minimum time required to re- 
place primary sulphide by richer 
sulphides, 290; new scale of hard- 
ness for ore minerals in polished 
sections, 544; ore minerals arranged 
in groups in order of increasing 
hardness, 547; origin of the Adiron- 
dack non-titaniferous magnetite iron 
ore deposits, 360; theories of the 
foliation of the country rocks of the 
Adirondack magnetite deposits, 344 

Takushan series, 31, 48 

Talc, 38 

Talladega slates, 213 

Talmage, S. B., Quantitative standards 
for hardness of the ore minerals, 
531-553; The diagnostic value of 
color in polished sections, 168-180; 
review by, 106 

Tantalite, 657; analysis, 654 

Tegengren, F. R., review of ook by, 

Tennantite, 174, 315 

Tertiary formations of Japanese oil 
fields, 60, 73 

Tetrahedrite, 17, 174, 576 

Thiel, G. A., Manganese precipitated 
by micro-organisms, 301-310 

Thiessen, R., on structure in coal, 249 

Thom, W. T., Jr., Relation of earth 
temperatures to buried hills and 
anticlinal folds, 524-530 

Thomas, W. H., on nickel in petro- 
leum, 286 

Thwaites, F. T., on surface silicifica- 
tion, 518 

Titanium dioxide, 677 

Tolman, C. F., and Rogers, A. F., on 
marcasite, 61; on minerals of cop- 
per ores, 366 

Tolman, Carl, review by, 703 

Topography, relations to ore deposits 
in Slocan district, 566 

Toshibet anticline, Japan, 74 

Transported limonite, 615, 637 

Trask, P. D., The origin of the ore of 
the Mansfield Kupferschiefer, Ger- 
many; a review of the current liter- 
ature, 746-761 

Trinidad, southern, B. W. I., Geologi- 
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cal notes on a part of (Carlson), 


153 

Trowbridge, A. C., and Mortimore, M. 
E., Correlation of oil sands by sedi- 
mentary analysis, 4090-423 

Tubercle texture of ores, 11 

Tuff, analysis, 457 

Tufts, North Carolina, 444 

Turner, H. W. , discussion by, 197, 607 

Turner, IN: 35 ” analy sis by, 457 

Turner, W. D., analysis by, 237 

Tuscahoma formation, 673 

Tutton, A. E. H., review of book by, 
509 

Twenhofel, W. H., on accumulation of 
chert fragments, 518 

Two tube method of comparing colors 
of minerals, 172 


Uglow, W. L., on ores deformed by 
pressure, 573; on ores of Slocan 
ag 357; 501 

Ulke, T wa tin in the Black Hills, 650 

Ulrich, E. on surface silicification, 
518 

Unconformities, pre-Cambrian, 514 

Unity, Structural, of the Pacific re- 
gion: evidence of the ore deposits 
(Andrews), 707 


Valencianite, 206 

Valley coal fields of Virginia (review 
Ot), 977 

Vanadium in petroleum coke, 288 

Van Hise, C. R., on metamorphism, 
642 

Van Orstrand, C. E., on thermal gra- 
dients, 524 

Veatch, Otto, on clay deposits of 
Georgia, 677 

Veins, formation, 669 

Vernadsky, W., review of book by. 
773 

Violarite, 265, 293 

Vogt, J. H. L., on origin of ore de- 
posits, 498 

Volcanic breccia, 445 

Vugs, Frontier Mine, 18 


Wagner, P. A., editorial by, 282; re- 
view of book of, 206 

Wakkanai series, Japan, 69, 72 

Waldschmidt, W. A., Deformation in 
ores, Coeur d’Alene district, Idaho, 
573-586 

Wall, G. P., and Sawkins, J. G., on 
the geology of Trinidad, 155 


Wallace, R. C., Relationships in min- 
eral roe ‘in northwestern Mani- 
toba, 431-441; on gypsum and an- 
hydrite, 744 

Wallace, W., on origin of ore deposits, 


49 

Walpole Island, 276 

Walther, J., on origin of Mansfield 
copper ores, 757 

Wandke, Alfred, The Caridad Mine, 
Sonora, Mexico, 311-318; shatter- 
ing by replacement, 605; on replace- 
ment of hematite by magnetite, 590 

Warington, R., on solubility of phos- 
phates, 322 

Warth, H., and Warth, F. J., on In- 
dian laterite, 685 

Washburne, C. W., discussion by, 395 

Watanabé, Manjiré, on distribution of 
ore deposits of Japan, 716 

Watson, T. L., on the bauxite deposits 
of Georgia, 678 

Watson vein, Frontier Mine, 3 

Weathering of glacial tills, 522 

Weaver, C. E., on the magnesite of 
Washington, 52 

Weeks, A. W., discussion by, 693 

Wegener, A., review of book by, 402 

Weinschenk, E., on origin of ore de- 
posits, 498 

Weissenbach, C. G. A. von, on origin 
of ore deposits, 496 

Well logs, plotting, 693 

Wells, R. C., Observations on the mi- 
nor constituents of petroleum, 286- 
288; on order of activity of miner- 
als, 289 

Wheeler, A. S., analyses by, 457 

Whitehead, W. L., on the genesis of 
the Cobalt ores, 2 

Whitlock, H. P., on minerals of Adi- 
rondack dikes, 345 

Whitman, A. R., on diffusion, 474; on 
the genesis of the Cobalt ores, 2 

Whitwell, G. E., and Patty, E. N., on 
magnesite deposits, 46 

Wilcox Eocene, 673 

Wilcox sand grains, 416, 422 

Wilder, F. A., review of book by, 200 

Williams, G. H., on cortlandtite, 216 

Wilson, G. V., on bauxitic clay in 
Scotland, 684 

Wilson, M. E., on magnesite deposits, 


46 

Winchell, A. N., A new kind of meta- 
morphism and its application to the 
study of ore deposits, 642-645; on 
the amphibole group, 427; on the 
composition of zeolites, 644 
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Wolff, F. von, on copper ores of the 
Mansfield district, “761 

Wollnough, W. G., on laterites in 
Western Australia, 685 

Wong, Wen-Hao, on metallogenetic 
provinces of China, 713 

Wood tin in Tertiary rhyolites of 
northern Nevada, 768 

Woodford, A. O. discussion by, 103 

Woodring, W. P., Brown, J. S., and 
Burbank, W. S., review of book by, 
703 

Woods vein, Frontier Mine, 3 

Wright, W. H., with Shaw, E. W., 
and Darnell, J. L., Jr., The mineral 
resources of Maranhdao, Brazil, 723- 
728 


Xonotlite, 261 


Yoshizawa, T., on magnesite in Man- 
churia, 26 


Zechstein, 747 

Zeolites, 644 

Ziegler, V., on lithia deposits of the 
Black Hills, 651; on minerals of the 
Black Hills, 648 

Zies, Allen, and Merwin on enrich- 
ment of copper ores, 289 

Zinc balance sheet, 91 

Zinc deposits, Slocan district, 558 

Zoisite, 239 

Zonal distribution of ores of Slocan 
district, 565 

Zonal patterns of oxidation products, 
632 

Zonal theory of ore deposition, 282, 
499 











